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Project Description  
The subject project is proposing to construct a 69-unit affordable apartment community on a 
vacant parcel in south Davis.  Development would consist of approximately 70,000 square feet 
made up of two three-story apartment buildings (41,256 sq. ft. and 23,175 sq. ft.) and a one-story 
community building (3,871 sq. ft.). There would be one, two, and three-bedroom apartments 
ranging in size from 667 square feet to 1,130 square feet.  The project includes landscaping, 
parking, play areas, a community garden, bicycle path/greenbelt, site and frontage improvements 
(Figure 1 – Site Plan).  Proposed density would be approximately 20 units/gross acre on the 
proposed residential parcel. 
 
The project site consists of three parcels (1.09 acres, 2.56 acres, and 0.75 acres) and is split by 
Cowell Boulevard which cuts through the site. A tentative map would create two parcels, a 3.38-
acre residential parcel on the south side of Cowell Boulevard and a 1.16 business park/office 
parcel on the north side of Cowell Boulevard. The apartment development would be constructed 
on the 3.38-acre parcel on the south side of Cowell Boulevard. The remaining 1.16-acre 
triangular parcel to the north is not proposed for development as part of this project. It could be 
developed in the future with an office-type use consistent with the zoning and is not affected by 
the project.  
 
While the current zoning allows a multi-family use with a Conditional Use Permit, the project 
includes a General Plan Amendment to change the land use designation from “Business Park” to 
“Residential High Density,” a Rezone of the residential parcel from “Industrial Research” to 
“Multi-Family,” and a Specific Plan Amendment to reflect the changes. The office parcel would 
retain its Business Park designation and Industrial Research zoning. The project includes a Minor 
Modification to allow an increase in the height of the apartment buildings from 38 feet to 41 feet 



9 inches.  This Initial Study is intended to analyze and address potential environmental impacts 
related to development of the office site as well as the residential site.  However, development of 
the office site would require additional entitlements which are subject to further environmental 
review. 
 

Figure 1. Site Plan 

N 

 
Project Setting and Surrounding Land Uses   
The project site is a vacant parcel located at the southwest corner of Cowell Boulevard and 
Drummond Avenue in south Davis (Figure 2 – Vicinity Map). It consists of a 3.35-acre site on 
the south side of Cowell Boulevard proposed for residential development and a triangular-shaped 
1.16-acre parcel on the north side with possible future office uses. The southern site includes a 
0.75-acre parcel owned by the City as a land dedication site on which 16 units are required to be 
built. The rest of the site which includes the triangular piece was acquired by the applicant to 
allow for comprehensive development of the site.  
 
The project site is flat. Vegetation consists primarily of a mix of non-native grasses with several 
small trees scattered about. The triangular parcel is a disturbed site and contains blacktop 
remnants of Chiles Road and power lines. 
 
The site is bounded by a mix of uses and facilities. Adjacent parcels include a vacant site 
approved for single-family residential development (Willowcreek Commons) to the east and the 
existing Owendale Community apartment complex to the south. A commercial/business park site 
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to the west contains a UC Davis bookstore warehouse. The project site faces Interstate 80 to the 
north with the Union Pacific Railroad line on the other side and parallel to I-80. A vacant 
office/business park parcel is located to the northeast at the opposite intersection corner.  Single-
family residences surround the general area. A City well site with driveway access borders the 
site on its western boundary. A designated City bicycle pathway and greenbelt runs along the 
southern border between the site and the Owendale Community and would be improved as part 
of this project. 
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Figure 2. Vicinity Map 
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Policy, Plan, and Zoning Consistency   
The project site is designated as Business Park in the General Plan and is zoned for Industrial 
Research. The residential use is consistent with the zoning on the site which allows multifamily 
residences as a conditional use and the General Plan designation which allows it as a secondary 
use. The site is also located within the South Davis Specific Plan (SDSP) area which established 
general land uses for the 826-acre area and designates the site for industrial research/office.  The 
proposed General Plan Amendment, Specific Plan Amendment, and Rezoning of the site are 
proposed to ensure consistency. The proposed residential use is consistent with the overall build-
out of the city under the General Plan. 
 
Potential future office use on the triangular parcel is consistent under the existing designation 
and zoning and would remain consistent with this project.  Development of the triangular parcel 
would require additional review and entitlements.  The subject project, with mitigation and 
conditions, will be consistent with applicable policies including infill development, housing, 
mobility, design, energy, noise. 
 
Surrounding Land Uses/Zoning/Designations 

 Existing Use Zoning General Plan Designation 

Project 
Site Vacant PD 12-87 (Industrial Research) 

Proposed (PD 12-87 Multi-Family) 
Business Park 

Proposed (Residential High Density) 
North I-80 Freeway N/A N/A 

South Ownendale 
Apartments 

PD 1-92 
(Multi-Family) 

Residential -  Medium Density 

East 
Vacant/ 

Willowcreek 
Commons 

PD 6-87  
(Office Research) 

PD 2-02 (Commercial) 

Business Park; 
Neighborhood Retail 

West UC Davis 
Warehouse PD 10-72 Business Park 

 
Previous Relevant Environmental Analysis 
Development occurring on or adjacent to the project site has been previously addressed in the 
following environmental documents which are incorporated here by reference and which 
addressed the cumulative impacts of development throughout the community.  Potential impacts 
related to this specific proposal on the site are analyzed as part of this initial study. 
 
Program EIR prepared for General Plan Update 
The potential environmental impacts of development of the subject property were analyzed as 
part of the Environmental Impact Report (EIR) prepared for the City’s 2001 General Plan Update 
and are incorporated here by reference.  The EIR evaluated the overall buildout of the City under 
the General Plan to the year 2010.  The action to approve the General Plan adopted a statement 
of overriding considerations for significant unavoidable impacts in the areas of traffic and 
impacts on roadway systems, air quality, and noise among others (Resolution No. 01-72 May 23, 
2001 certifying the General Plan Update Final EIR and approving the General Plan, Exhibit B – 
Statement of Overriding Considerations).  
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Final EIR for the South Davis Specific Plan 
In 1987 the City of Davis adopted the South Davis Specific Plan (SDSP) and a comprehensive 
revision of the General Plan. The SDSP established land uses for approximately 826 acres in 
South Davis area south of Interstate 80. At that time the City Council certified Environmental 
Impact Reports for these plans. It included adoption of mitigation measures and a statement of 
overriding considerations for significant unavoidable impacts relative to the loss of agricultural 
lands, loss of natural resources, and traffic congestion (Resolution No. 5796 July 15, 1987 
certifying the Final EIR for the South Davis General Plan Amendments and Specific Plan).   
 
Other Agencies Approvals: (permits, financing approval, or participation agreements, etc.)  
The project has applied for Federal block grant money under the U.S. Department of Housing 
and Urban Development’s HOME Program. Projects receiving federal money require review 
under Section 106 of the National Historic Preservation Act to address historic or cultural 
resources that might be affected.  The project was reviewed by the State Historic Preservation 
Office which determined that no historic properties would be affected by the project.  The project 
is also undergoing NEPA review.  Other funding sources for the project include the California 
Department of Housing and Community Development and tax credits from the California Tax 
Credit Allocation Committee.  No other agency approvals are required. 
 
SUMMARY OF PROPOSED MITIGATION  
The following is a summary of the proposed mitigation measures identified in the Initial Study. 
 
Air Quality 
The project already incorporates design measures to minimize exposure risks. The residential 
buildings are pushed back from the highway as far as possible. A generous landscape area along 
Cowell Boulevard will be planted with a buffer of trees that will help to filter out pollutants. 
Units will have alternative ventilation to allow for fresh air without the need to open the 
windows. The project layout uses Building B as a buffer for the rest of the site, particularly for 
the open space areas. The active outdoor areas are located internal to the site and direct exposure 
to the freeway is minimized. 
 
The project is also subject to potential noise impacts from traffic on I-80 which is discussed in 
Section XI (Noise). It includes noise mitigation measures for maximizing the setback from the 
freeway, higher quality windows for insulation, alternative ventilation for units, and siting of 
outdoor areas where they would be buffered from the freeway. Because the noise impact is 
related to freeway traffic, these measures are also effective at addressing air quality impacts.   
 
Overall, the project has already incorporated design elements and features or includes mitigation 
that would help to minimize potential air quality impacts. Because polluted outdoor air brought 
into a building with poor ventilation by an inefficient filter could actually raise pollution levels 
and because people spend a majority of their time indoors, additional measures are necessary to 
address indoor air quality.  
 

MM#1 Indoor Air Quality. – In order to minimize air quality impacts and improve indoor 
air quality, prior to issuance of building permits the applicant shall incorporate the following 
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mitigation measures into the building plans subject to review and approval of the Community 
Development Director and Building Official: 
 
a) Provide an enhanced filtration for all dwelling units using passive electrostatic filters and 

low air velocities or equivalent;  
 
b) Use low-VOC materials, paints, and carpeting in the dwelling units consistent with Build 

It Green’s Multi-Family Green Building Guidelines. 
 
Biological Resources 
The western burrowing owl (Athene cunicularia hypugea) is a Federal Bird of Conservation 
Concern and state Species of Special Concern which is known to exist in the City of Davis and 
the vicinity.  It inhabits vacant parcels and fields similar to the project site.  Although none have 
been observed on the project site, burrowing owls were observed on an adjacent property in 
2003. The burrowing owl is an opportunistic species that will occupy existing burrows and could 
potentially move onto the site to nest prior to construction.  Disturbance and impacts to nesting 
burrowing owls as a result of the project are potentially significant unless mitigation is 
incorporated. 
 

MM#2 - Burrowing Owl Mitigation Measure - Prior to any grading or construction on site, 
a preconstruction survey for burrowing owls shall be conducted in areas of suitable habitat on 
and within 250 feet of the project site. A minimum of one survey shall be conducted by a 
qualified biologist and shall be completed no less than 14 days and no more than 30 days 
before grading or construction begins.   Surveys shall be conducted by walking transects no 
more than 100 feet apart to achieve 100% visual coverage.   
 
a) If no occupied burrows are found during preconstruction surveys, a letter report 

documenting survey methods and findings should be submitted to the City of Davis for 
review and approval, and no further mitigation is required for potential impacts to 
burrowing owls.  

 
b) If an occupied burrow is found on or within 250 feet of the project site, potential 

disturbance shall be minimized by establishing a 160-foot radius buffer during non-
breeding season (September 1 through January 31) or a 250 foot radius buffer around the 
burrow during breeding season (February 1 through August 31) until the breeding season 
ends, or it is confirmed by a qualified biologist that the burrow is no longer occupied.  

 
c) If destruction of an occupied burrow in the project area is unavoidable, passive relocation 

techniques shall be used during the non-breeding season (September 1 through January 
31) to exclude the owls from the burrow in accordance with DFG guidelines (DFG 1995). 
Following relocation, the project site shall be monitored for five consecutive days to 
ensure that owls are no longer present. If site grading does not occur within three days 
after the five consecutive days of monitoring is completed, a biologist shall resurvey the 
site to determine if owls have reoccupied the site. If owls have reoccupied the site, 
passive relocation and monitoring procedures must be repeated. A qualified biologist 
shall be present during initial grading. If owls are present during initial grading, all 
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grading must cease and passive relocation and monitoring procedures shall be repeated. 
Following completion of the passive relocation, a letter shall be submitted to the City of 
Davis documenting the methods and results of burrowing owl passive relocation on the 
project site.  If there are no occupied nests or if nesting owls have been relocated as 
described above, the site may be maintained per City requirements to prevent occupation 
by any burrowing owls. 

 
d) In addition to passive relocation, DFG guidelines suggest mitigating for the loss of 

burrowing owl nesting habitat on protected lands at a ratio of 6.5 acres per pair or 
individual displaced by development.  If occupied nests are detected on-site during 
breeding season, the applicant shall mitigate for the loss of nesting habitat consistent with 
DFG guidelines.  

 
Noise 
Excavation, grading, and construction activities can result in a substantial noise increase. 
According to the noise report, construction noise can range as high as 91 dBA Lmax at 50 feet 
during the noisiest phases.  Although it would not be a permanent increase in noise levels, it can 
be an intermittent and sustained increase during the construction phase. Existing residential units 
and outdoor activity areas are located within 50 feet of potentially active construction areas and 
could be impacted.   Because the noise from construction equipment potentially exceeds the 
City’s standards for acceptable level for construction activities of 86 dBA at the edge of the 
property plane, the potential impact is considered significant unless mitigation is incorporated. 
 
The closest existing noise sensitive receptor to the office/commercial parcels are residential land 
uses located southeast of the project site on Koso Street. They are approximately 465 feet away 
and would not be significantly impacted by construction noise.  However, the proposed 
residential units are approximately 160 feet from potential active construction areas on the 
commercial/office site. If the residential parcel is developed and occupied before construction 
begins on the commercial/office site, construction-related noise would impact sensitive receptors 
and mitigation would be required. 
 

MM#3 - Construction Noise Mitigation.  In order to reduce potential impacts from short-
term construction noise on nearby residences to a less than significant level for development 
of the residential parcel, the project contractor shall implement the following measures to be 
included as notes on grading and building plans.  If the residential parcel is developed and 
occupied before construction on the commercial/office parcel occurs, the following measures 
shall also be implemented for construction on the commercial/office parcel. 

 
a) The project contractor shall permit only one piece of earthmoving equipment (including 

scrapers, haul trucks, rollers, dozers, tractors, front end loaders, hydraulic backhoes or 
excavators, graders, or similar equipment) to operate at any single time within 100 feet of 
the Owendale Community property line; 
 

b) During all project site excavation and on-site grading, the project contractors shall equip 
all construction equipment, fixed or mobile, with properly operating and maintained 
mufflers and bafflers consistent with manufacturers’ standards; 
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c) The project contractor shall place all stationary construction equipment so that emitted 

noise is directed away from sensitive receptors nearest the project site; and 
 

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

e) During all project construction, the construction contractor shall limit all noise-producing 
construction related activities to the hours of 7:00 a.m. to 7:00 p.m., Monday through 
Friday, and to the hours of 8:00 a.m. and 8:00 p.m. on Saturdays and Sundays. For the 
office/commercial parcels which are located more than two hundred feet from existing 
homes, the contractor may request a special use permit to begin work at 6 a.m. on 
weekdays from June 15th until September 1st. 

 
The traffic noise modeling indicated that the closest outdoor sensitive receptor areas on the 
residential parcel would be exposed to future traffic noise levels from I-80 of up to 73.9 dBA 
CNEL.  It assumed a minimum setback of 260 feet from the centerline of I-80. This level 
exceeds the City’s threshold of 70 dBA for acceptable exterior noise level. Using standard 
construction, it would also exceed the threshold of 45 dBA for interior noise level for residential 
uses.  Alternate ventilation would be necessary to allow windows to remain closed.  Even with 
windows closed, the interior noise level calculated at 48.9 dBA would exceed the residential 
standard under standard construction.  Further noise reduction features such as enhanced 
building materials would therefore be necessary. The project would result in a significant noise 
impact to development on the residential parcel unless mitigated. 
 

MM#4 - Residential Parcel Traffic Noise Mitigation.  In order to reduce impacts from 
traffic noise to a less than significant level, the applicant shall incorporate the following 
measures into the building plans for the residential parcel subject to review and approval of 
the Community Development Director: 
 
a) A minimum setback of 260 feet from the centerline of I-80 shall be required of all noise 

sensitive land uses on the residential parcels;  
 

b) An alternate form of ventilation, such as an air conditioning system and trickle 
ventilation, should be required for all residential units directly exposed to I-80 to ensure 
that windows can remain closed for a prolonged period of time;  
 

c) Windows with a minimum STC-32 rating shall be required for all residential units with 
façades directly exposed to I-80; and  
 

d) All outdoor active use areas (including playgrounds, patios, and balconies) shall be 
located on the south side of buildings on the residential parcels. 

 
Existing traffic noise levels on the office/commercial parcel range up to 78.7 dBA CNEL which 
exceeds the acceptable threshold of 75 dBA for commercial exterior noise level and 55 dBA for 
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commercial interior noise level using standard construction methods.  According the Acoustical 
Analysis, a berm at least four feet high above the finished pad elevation of a building would 
reduce exterior noise level from the highway traffic to 69.2 dBA CNEL which is within the 
conditionally acceptable range.  Dense landscaping could provide further noise reduction. 
 
Noise levels on the first floor of a building on the office parcel could be reduced to an acceptable 
interior noise level of 54.2 dBA CNEL (69.2 dBA – 15 dBA = 54.2 dBA) with windows open 
and with standard construction. However, upper floors would not benefit from a berm and would 
be exposed to traffic noise levels up to 77.1 dBA CNEL.  In order to meet interior standards, 
windows would need to remain closed, requiring alternate ventilation. The project would result 
in a significant impact to development on the office/commercial parcel unless mitigated.   
 

MM#5 - Office/Commercial Parcel Traffic Noise Mitigation.  In order to reduce impacts 
from traffic noise to a less than significant level, the applicant shall incorporate the following 
measures into the building plans for the commercial parcel subject to review and approval of 
the Community Development Director 

 
a) A berm a minimum of 4 feet in height above the finished pad elevation and extending the 

length of the property should be constructed on the northern property boundary adjacent 
to I-80;  
 

b) The berm should be landscaped with dense vegetation and tree cover to aid in blocking 
the line of sight to the traffic noise source;  
 

c) A minimum setback of 165 feet from the centerline of I-80 should be required of all noise 
sensitive land uses on the office/commercial parcel;  
 

d) An alternate form of ventilation, such as an air conditioning system, should be required 
for all office/commercial spaces directly exposed to I-80 to ensure that windows can 
remain closed for a prolonged period of time. 

 
Transportation 
The traffic analysis was reviewed by the City of Davis Public Works Department which 
concurred with the general conclusions.  However, the report identified potential access and 
safety impacts related to the project that could have potential adverse effects and therefore 
requires mitigation: 
 

MM#6 - Traffic/Circulation Mitigation.  In order to reduce potential traffic safety and 
circulation impacts to a less than significant level, the applicant shall implement the 
following measures to the satisfaction of City Engineer: 
 
a) Construct half roadway improvements along project frontage on Cowell Boulevard and 

Drummond Avenue a continuous left turn lane to facilitate access into and out of the 
project site; and  
 

b) Verify sight distances at the driveway locations. 
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ENVIRONMENTAL FACTORS POTENTIALLY AFFECTED: 
 
The environmental factors checked below would be potentially affected by this project, 
involving at least one impact that is a “Potentially Significant Impact” or as indicated by the 
checklist on the following pages. 
 

 Aesthetics  Agricultural Resources  Air Quality 

 Biological Resources  Cultural Resources  Energy/Mineral Resources 

 Geology and Soils  Hazards/Hazardous 
Materials 

 Hydrology/Water Quality 

 Land Use and Planning  Noise  Population and Housing 

 Public Services  Recreation  Transportation/Circulation 

 Utilities/Service Systems  Mandatory Findings of 
Significance 

 

 
CONCLUSION:  
 
The proposed project will not have a significant effect on the environment for the following 
reasons:   
 
1. It will have only temporary or short-term construction impacts, such as dust and equipment 

emissions, noise and truck traffic. 
2. It will not generate a significant amount of additional vehicles, noise or emission levels.  
3. It will not affect rare or endangered species of animal or plant, or habitat of such species. 
4. It will not eliminate important examples of major periods of California history or pre-history. 
5. It will not result in a significant effect on air, water quality or ambient noise levels for 

adjoining areas. 
6. It will not be subjected to unacceptable risk of flooding or major geological hazards. 
7. It will not have a substantial aesthetic affect. 
8. It will not breach any published national, state or local standards relating to solid waste. 
9. It will not involve the possibility of contaminating public water supply or adversely affecting 

groundwater. 
10. It will not result in or add to a violation of the waster discharge requirements applicable to 

local sewer systems as prescribed by California Regional Water Quality Control Board.  
11. It will not occur to the disadvantage of long-term environmental goals. 
12. It will not result in adverse cumulative impacts. 
13. It will not result in adverse growth-inducing impacts.  
14. It will not result in substantial adverse effects on human beings either directly or indirectly. 
15. It will not conflict with the City’s General or Specific Plans.  
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DETERMINATION: 
 

On the basis of this initial evaluation:   

I find that the proposed project COULD NOT have a significant effect on the 
environment, and a NEGATIVE DECLARATION will be prepared. 

 

I find that although the proposed project could have a significant effect on the 
environment, there will not be a significant effect in this case because the 
mitigation measures described herein have been added to the project.  A 
MITIGATED NEGATIVE DECLARATION will be prepared. 

 

I find that the proposed project MAY have a significant effect on the 
environment, and an ENVIRONMENTAL IMPACT REPORT is required. 

 

I find that the proposed project MAY have a significant effect(s) on the 
environment, but at lease one effect 1) has been adequately analyzed in an 
earlier document pursuant to applicable legal standards, and 2) has been 
addressed by mitigation measures based on the earlier analysis as described on 
attached sheets, if the effect is a “potentially significant impact” or “potentially 
significant unless mitigated.”  An ENVIRONMENTAL IMPACT REPORT is 
required, but it must analyze only the effects that remain to be addressed.  

 

 
   
 

 
  

August 26, 2008 
Signed Name  Date 

 
 

Eric Lee 

  
 

City of Davis 
Printed Name  Agency 
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EVALUATION OF ENVIRONMENTAL IMPACTS: 
 

I. AESTHETICS 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal:     

a)  Affect a scenic vista or scenic highway?      

b)  Have a demonstrable negative aesthetic 
effect? 

    

c)  Create light or glare?      

 
DISCUSSION/CONCLUSION: 
a) No Impact. The project site is not located on a designated scenic vista or scenic highway. 
 
b) & c) Less Than Significant Impact. The project proposes to construct an affordable 
apartment community on a vacant lot. The site is visible from Interstate 80 and adjacent 
roadways. The project would be a residential development located near residential areas. The 
project is subject to design review of the layout and building which ensures that the design would 
be compatible with the surrounding area and appropriate for the site. Therefore, aesthetic impacts 
are considered less than significant.  
 
Development of the site will add light and glare to area that did not previously exist. However, 
the project will be required to comply with the City’s Outdoor Lighting Control Ordinance which 
ensures that light is fully shielded and glare from the project site is minimized. Therefore, the 
impacts are considered less than significant. 
 
 

II. AGRICULTURAL RESOURCES 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal:     

a)  Convert Prime Farmland, Unique Farmland, 
or Farmland of Statewide Importance 
(Farmland), as shown on the maps prepared 
pursuant to the Farmland Mapping and 
Monitoring Programs of the California 
Resources Agency, to non-agricultural use?  

    

b)  Conflict with existing zoning for agricultural     
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II. AGRICULTURAL RESOURCES 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 
use, or a Williamson Act contract? 

c)  Involve other changes in the existing 
environment which, due to their location or 
nature, could result in conversion of 
Farmland, to non-agricultural use? 

    

 
DISCUSSION/CONCLUSION: 
 
a)-c) No Impact.  The project site is currently zoned for development.  It does not convert any 
agricultural land and does not support or affect any agricultural operations.  Therefore, the 
project is considered to have no impact. 
 
 

III. AIR QUALITY 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal:     

a)  Violate any air quality standard or contribute 
to an existing or projected air quality 
violation?  

    

b)  Expose sensitive receptors to pollutants?      

c)  Alter air movement, moisture, or 
temperature, or cause any change in climate? 

    

d)  Create objectionable odors?       

 
DISCUSSION: 
 
The project site is located within the Yolo-Solano County Air Quality Management District 
(YSAQMD) which is part of the Sacramento Valley Air Basin and designated by the U.S. 
Environmental Protection Agency (EPA) as the Sacramento Federal Ozone Non-Attainment 
Area.  The non-attainment area consists of all of Sacramento and Yolo counties, and parts of El 
Dorado, Solano, Placer and Sutter counties.  Air quality within YSAQMD violates state and 
federal standards for ozone and state standards for particulate matter (PM10).  YSAQMD is 
responsible for limiting the amount of emissions that can be generated throughout the district by 
various stationary and mobile sources.   
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Motor vehicles are the major source of ozone through emission of reactive organic gasses (ROG) 
and nitrogen oxides (NOX), which are precursor components of ozone.  PM-10 sources primarily 
derive from construction, demolition, farming activities and road dust. The YSAQMD has 
established numeric thresholds of significance in its CEQA Air Quality Handbook (2007) to 
evaluate the air quality impacts of construction-related and operational-related activities based on 
amount of ROG, NOX, and PM10 emissions that would be produced.  The thresholds are 10 tons 
per year of ROG, 10 tons per year of NOX, and 80 pounds per day of PM10. The YSAQMD 
Handbook also identifies examples of projects that would be expected to exceed these thresholds 
of significance based on size characteristics.  For a low-rise apartment project, it is 345 units. For 
an office building, it is 870,000 square feet. Similar projects falling under these size categories 
are not expected to exceed District thresholds for ROG, NOX, and PM10. These hypothetical 
examples are intended as a screening tool to estimate operational emissions only. Projects that do 
not exceed operational thresholds may still exceed thresholds during construction.  
 
The proposed project for 69 units on the proposed residential parcel is well under the screening 
threshold for operational emissions. Development on the triangular, office parcel is currently 
undetermined and not included in this project.   However, potential development of the 1.16-
acre, office parcel could not accommodate a building that meets or exceeds the screening 
threshold. The Business Park designation limits the floor area ratio of a building to no more than 
50 percent of the site.  Nevertheless, an Air Quality Analysis was prepared for the project by 
LSA Associates.  The analysis used Urban Emission Model (URBEMIS 2007) software to model 
potential long-term emissions associated with the proposed project as well as construction-
related emissions. It provides more detailed information on project emissions. Results were 
compared against YSAQMD emission thresholds to determine significance. 
 
Toxic Air Contaminants 
In addition to pollutants produced by the project, potential exposure of sensitive receptors to air 
pollutants is a concern.  The residential units are considered a sensitive receptor.  Exposure to 
pollutants from certain manufacturing processes and particulate emissions from diesel engines 
pose a cancer risk and are considered Toxic Air Contaminants (TACs).  The YSAQMD 
Handbook establishes thresholds of significance for exposure to TACs from stationary sources.  
Exposure from stationary sources in excess of the following thresholds would be considered a 
significant air quality impact:  

• Probability of contracting cancer for the Maximally Exposed Individual (MEI) equals to 
10 in one million (1 x 10-5) or more; and  

• Ground-level concentrations of non-carcinogenic toxic air contaminants would result in a 
Hazard Index equal to 1 for the MEI or greater.   

 
The Handbook notes that these thresholds are used for stationary sources, but do not address 
TACs from mobile sources.  The Air Quality District has no permitting authority or other 
regulatory authority over mobile sources and there is currently no specific mobile source TAC 
threshold.  The YSAQMD Handbook cites the California Air Resources Board (ARB) which 
recommends avoiding the siting of sensitive land uses such as housing within 500 feet of 
freeways. Studies have shown that sensitive uses within this distance risk substantial exposure to 
toxic air contaminants (TACs).  California’s Office of Environmental Health and Hazard 
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Assessment (OEHHA) has determined that exposure to TACs from mobile sources poses cancer 
risks and may cause other health problems to nearby residents.  
 
Mobile Source Emissions 
The proposed residential parcel is located approximately 100 feet from the nearest travel lane on 
Interstate 80.  The entire site is within 500 feet of the freeway and the nearest building would be 
approximately 200 feet away from the travel lane.  ARB specifically states in its Air Quality 
Land Use Handbook that their recommendations against siting residential land uses within 500 
feet of high-traffic roadways and freeways is advisory.  It acknowledges that local agencies must 
also balance other considerations, such as housing and transportation needs, economic 
development, and other quality of life issues. 
 
ARB has not provided specific thresholds of significance for TACs from mobile sources. As a 
result, the Air District recommends that facilities within the distance threshold are considered to 
be exposed to an elevated health risk requiring further analysis. To determine the health risk for 
the project site, LSA conducted a health risk analysis using ARB’s health risk model, HARP, 
which includes the EPA dispersion model ISCST3. The model provides a detailed estimate of 
concentrations considering site and source geometry, source strength, distance to receptor, and 
site specific meteorological data.  
 
While the 10 in one million threshold for stationary sources serves serve as a guideline when 
considering exposure risks to mobile source emissions, it is not a strict threshold for mobile 
sources.  The authority to determine the impact significance falls to the Lead Agency.  
Determination of the significance would consider site-specific factors and the overall context. 
 
CONCLUSION: 
 
a), c), & d) Less Than Significant Impact.  The Air Quality Analysis prepared for the project 
determined that impacts relative to construction and operational emissions would be less than 
significant. The project does not violate any air quality standards or significantly contribute to an 
existing air quality violation.  It does not have any significant impact on climate change or with 
objectionable odors.   
 
Construction Emissions 
The project does result in an increase in short-term construction-related emissions. URBEMIS 
results from the Air Quality Analysis for construction-related emissions for ROG, NOX, and 
PM10 do not exceed the district thresholds.  In addition, standard City conditions for construction 
activities address construction-related emissions and ensure that potential impacts are less than 
significant. Results are summarized in the Table 1 below. 
 
 Table 1. Project Construction Emissions (2008) 

 ROG 
(tons/year)

NOX  
(tons/year)

PM10  
(lbs/day) 

Office Development Emissions 0.73 2.01 19.33 
Apartment Development Emissions 0.83 2.34 25.03 
YSAQMD Threshold 10 10 80 
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Additionally, large heavy-duty, diesel-powered equipment can produce toxic air pollutants 
during construction. In the short-term, diesel exhaust can cause eye, nose, and throat irritation, 
headaches, and tightness of the chest. However, these are not generally considered severe effects 
and are not permanent. Construction activity will be short-term and there are no sensitive 
receptors in the immediate vicinity of the project that would require additional analysis. 
Therefore, impacts are considered less than significant. 
 
Operational Emissions 
Long-term impacts are associated with stationary and mobile sources. The project will contribute 
ROG and NOX (two ozone precursors) and PM10 from the consumption of natural gas and 
electricity for the residential and office activity and from new vehicle trips generated by the uses.  
The URBEMIS results indicate that the project would not exceed the YSAQMD emissions 
threshold for apartment and office development. Results are summarized in Table 2 below.  
Therefore, impacts to air quality from operational emissions are considered less than significant. 
 
 Table 2. Project Operational Emissions (2008) 

 ROG 
(tons/year)

NOX 
(tons/year)

PM10 
(lbs/day) 

Office Development Emissions 1.47 2.23 11.45 
Apartment Development Emissions 1.88 1.50 16.62 
YSAQMD Threshold 10 10 80 

 
Carbon Monoxide Effects on Traffic 
Vehicular trips associated with the project will contribute to congestion at intersections and 
roadways in the project area. Concentration of carbon monoxide from vehicle idling time and 
traffic flow conditions is a potential impact if it reaches unhealthy levels.  High carbon monoxide 
levels are generally associated with unacceptable levels of service or extremely high traffic 
volumes. According to the Traffic Impact Analysis prepared for the project KD Anderson & 
Associates and discussed in the Section  XV (Transportation/Circulation), the project will not 
reduce the nearby intersections or roadway segments to unacceptable levels of service.  
Therefore, the project is considered to have a less than significant impact.  
 
The project is also consistent with General Plan policies that encourage alternative transportation 
modes and land use planning to reduce air quality impacts. The site is served by Yolo Public 
Transit and the Unitrans bus service. It is also directly adjacent to a City bicycle path.  
 
Climate Change 
The project also produces greenhouse gases that can impact the climate and contribute to global 
warming. Impacts to the project by climate change would not be specific to the project, but 
would be expected to impact the region as a whole. As of yet there are no established measures 
or requirements for individual projects to address the hazards of climate change that could 
include changes in water supply and quality, extreme weather events, changes in rainfall 
patterns.  
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Greenhouse gas emissions from the project are produced from the materials and construction of 
the project, energy usage for normal activities, and vehicle emissions.  However, information and 
thresholds are not yet available to determine the incremental impact of a project. The City is in 
the process of determining baseline information and formulating policies to address the City’s 
contribution to climate change. The project is consistent with General Plan policies for land use, 
circulation, air quality that seeks to coordinate land use and transportation planning and 
encourage alternatives automobile transportation and a reduction in vehicle usage.  Standard City 
requirements for water conservation, energy efficiency, and the recently adopted Green Building 
Ordinance help to reduce potential impacts.  Although the project would have an incremental 
contribution within the context of the City and region, the individual impact is considered less 
than significant. 
 
Cumulative Air Quality Impacts 
Other projects within the city will be under construction simultaneously with the proposed 
project. Generation of fugitive dust and pollutant emissions from cumulative construction 
activities for this and other projects may result in short-term increases in air pollutants. Within 
the vicinity of the project, there is one approved project for 21 single-family units (Willowcreek 
Commons) on a 2-acre vacant parcel located to the immediate east of the project site. There were 
no significant air quality impacts related to the project. The site is not currently under 
construction and it is unknown when development of the site will take place, but construction 
could potentially occur simultaneously.  
 
Implementation of standard requirements and best management practices during construction for 
this and other projects would reduce cumulative construction impacts to a less than significant 
level.  The AQMD considers projects that are considered individually less than significant to be 
cumulatively less than significant. Operational emissions from the project are not significant. 
The project would also be consistent with the General Plan which adopted a statement of 
significant but unavoidable impacts relative to air quality. Therefore, the proposed project is 
considered to have a less than significant cumulative impact on air quality and climate change. 
Potential cumulative impacts to air quality and climate change are also addressed in Section 
XVII(c) (Mandatory Findings). 
 
Odors 
The proposed project is a residential project with future potential office uses on the undeveloped 
lot. There are no objectionable odors associated with these uses. The site is surrounded by other 
residential and commercial uses.  There may be odors associated with construction equipment, 
but the activity is temporary and short-term. Therefore, the project is considered to have a less 
than significant impact. 
 
b) Potentially Significant Unless Mitigated.  According to the Air Quality Analysis prepared 
by LSA Associates, the proposed project is not expected to generate any Toxic Air Contaminants 
(TACs) that would result in significant air quality impacts. Additionally, surrounding land uses 
are residential or office/warehouse in nature and there are no nearby stationary sources of TACs 
that would adversely impact sensitive receptors.  However, traffic on I-80 and local streets emit 
TACs in diesel exhaust which have been determined to pose cancer risks and other non-cancer-
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related health problems. The Air Quality Analysis included a health risk assessment (HRA) to 
determine the risk to residents of the project from diesel exhaust particulates. 
 
Health Risk Assessment 
The health risk assessment by LSA Associates was conducted as recommended by OEHHA 
Guidelines and by the ARB. The assessment looked at existing PM10 emission rates using traffic 
data for I-80, determined the PM10 concentrations, and translated the concentrations to health 
risk values.  The methodology assumes 100 percent outdoor air exposure 24 hours-a-day for a 
70-year period.  It determined the acute emission impacts and the carcinogenic and chronic 
impacts of the project. 
 
Acute Emissions Impacts 
Exposure to diesel exhaust can have immediate health effects causing irritation of the eyes, nose, 
throat, and lungs, and other effects. It can also aggravate chronic respiratory symptoms and 
asthma attacks.  However, according to Air Quality Analysis, the available data from studies of 
humans exposed to diesel exhaust are not sufficient for deriving an acute noncancer health risk 
guidance value.  While the lung is a major target organ for diesel exhaust, studies of the gross 
respiratory effects of diesel exhaust in exposed workers have not provided sufficient exposure 
information to establish a short-term noncancer health risk guidance value for respiratory effects.  
The maximum acute hazard index for the project was calculated as 2.6 x 10-4.  
 
Carcinogenic and Chronic Impacts 
According to studies, long-term exposure to diesel exhaust particles poses the highest cancer risk 
of any toxic air contaminant.  Improvements to diesel fuel and diesel engines have already 
reduced emissions of some contaminants and when fully implemented are expected to lower 
emissions substantially. However, reductions in emissions from fuel and engine improvements 
may be offset by increased vehicle miles. The results of the HRA are summarized in Table 3.  
They indicate that the maximum exposed individual (MEI) inhalation cancer risk associated with 
living at the proposed development for 70 years would be exposed to an inhalation cancer risk of 
16 in 1 million. The maximum chronic hazard index would be 0.010. 
 
 Table 3. Inhalation Health Risks from Vehicle Sources on I-80 

 Carcinogenic Inhalation 
Health Risk 

Chronic Inhalation 
Health Index 

Acute Inhalation 
Health Index 

MEI onsite 16 in 1 million 0.010 2.6x10-4

 
While the thresholds for stationary source discussed above provide a reference point, no 
established threshold currently exists to evaluate the impacts from mobile source emissions.  
Indices for chronic inhalation, 0.010, and acute inhalation, 2.6x10-4, both fall well below the 
YSAQMD noncarcinogenic hazard index of 1.0 for stationary sources and their potential impacts 
would be considered less than significant.  However the carcinogenic inhalation risk of 16 in one 
million would exceed the stationary source threshold of 10 in one million. There are a number of 
mitigating factors related to mobile sources, the HRA methodology, the general air quality 
characteristics of the City and project site, and measures already incorporated into the project 
design that deserve consideration. They provide a better context for understanding and 
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evaluating the results and allow the potential impact of exposure to cancer-causing TACs to be 
considered less than significant with mitigation. 
 
HRA Methodology 
The HRA includes assumptions that are consistent with OEHHA guidelines. It produces results 
showing a very conservative scenario. The results assume exposure to outdoor air will be 24-
hours a day, 350 days a year for a 70-year period. In its conclusions, the Air Quality Analysis 
prepared for the project discusses some of the mitigating factors. It does not take into account 
that people in residential dwellings spend most of their time indoors. One report to the ARB 
estimated that the average individual spent 22.5 hours per day indoors. Indoor air quality can be 
made much cleaner than outdoor air with the use of filters. Additionally, the 70-year period is 
based on a lifetime residency. However, the U.S. EPA estimates that the average residence time 
is 9 years. The Air Quality Analysis concludes that “the exposure estimate likely overstates the 
potential increased health risk for residents.” 
 
The HRA also uses 2008 emission rates that do not take into account anticipated technological 
improvements that would occur over the 70-year period of analysis and potentially lower the 
exposure risk. The risk from diesel PM is expected to decrease over time. The ARB has 
developed the “Risk Reduction Plan to Reduce Particulate Matter Emissions from Diesel-Fueled 
Engines and Vehicles,” which sets a goal of 75% reduction of diesel PM by 2010 and an 85% 
reduction by 2020.  For example, when anticipated emission rates for 2020 were used in the 
HRA for the project, it resulted in an exposure risk of only 3.8 in one million. However, as 
previously stated future reductions in emissions from technological improvements could be 
offset by increased traffic. For this reason, the risk is calculated more conservatively. Even if 
technological improvements are discounted, a reduced exposure period for residents at this site to 
a more realistic amount and systems that improve indoor air would substantially reduce the 
exposure risk results. 
 
Regional Context 
The YSAQMD Air Quality Handbook recommends avoiding locating sensitive land uses within 
500 feet of freeways because of the elevated exposure risk, but acknowledges that sensitive land 
uses may be located within this distance due to other considerations. It also recognizes that site-
specific design improvements may help to reduce air pollution exposure.  The YSAQMD does 
not provide specific measures or measurements. However, the Sacramento Metropolitan Air 
Quality Management District (SMAQMD) has drafted recommendations for evaluating the 
location of sensitive land uses in its “Recommended Protocol for Evaluating the Location of 
Sensitive Land Uses next to Major Roadways, Version 2.0” (June 2008). 
 
The table below taken from the document estimates the incremental cancer risk of sites based on 
traffic volumes and their distance from the roadway. The information is generalized and provides 
a very conservative scenario. It is also specific to conditions found in the Sacramento area, but is 
useful for comparison purposes with the project’s HRA to show the relative cancer risk. 
 

Initial Study – City of Davis  August 26, 2008 
New Harmony (PA#61-07)  Page 19 of 45 



 
 
The peak hour traffic for I-80 through Davis is 11,600 vehicles (Caltrans 2007). The distance 
from the nearest travel lane to a sensitive receptor on the project site would be 260 feet. The site 
is on the south side of the highway, which is upwind of prevailing winds. According to the table, 
a similar project in the Sacramento area would be expected to have an incremental cancer risk of 
approximately 111 in one million (circled above). This is significantly more than the HRA 
results for the project of 16 in one million. This table is intended to be used to screen projects in 
the SMAQMD and identify those projects that should undergo a specific health risk assessment.  
SMAQMD recommends that projects with a risk of 319 in one million or higher conduct a HRA. 
Under this criterion, the proposed project would not be expected to undergo further analysis.  
While the 319 in one million criterion is not intended to represent a “safe” risk level or a 
regulatory threshold, it is a point of reference for projects. 
 
In addition to the risk values calculated in the SMAQMD table, the existing background cancer 
risk from air contaminants in the Sacramento Valley area provides additional context. The ARB 
estimates that in 2000 the overall cancer risk due to all toxic air contaminants monitored in the 
Sacramento Valley Air Basin was 520 in one million. The cancer risk from diesel PM alone was 
360 in one million.  These existing levels are generally considered high and unhealthy. 
 
Davis Air Quality 
Additional independent analysis of the project’s air quality impacts was performed by Dr. 
Thomas Cahill on behalf of the City. It included information on local air quality characteristics.  
Dr. Cahill is a scientist associated with the University of California at Davis. He specializes in 
airborne particulates and climate studies and has published numerous air quality studies.  His 
research has included studies of the Davis and Sacramento area.  
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In his analysis of the project, Dr. Cahill drew some general conclusions based upon his research 
in the area and his understanding of local air quality conditions. He notes that the dominant 
characteristic of the site is that it lies upwind of Interstate 80 in most prevailing wind conditions. 
Both higher traffic speeds and the prevailing northerly winds would help to dilute the highway 
pollutants and direct them away from the site. Consequently, air quality at the site would be 
expected to have minor highway influence. Stagnant winter air would pose the greatest threat of 
I-80 influence, but the analysis cited two studies indicating that it would not be a problem and 
recommended enhanced vegetation and enhance indoor air filtration to mitigate the potential 
impact. 
 
The results of Cahill’s study showed that the dominant source of aerosols in Davis was from 
regional sources in the Sacramento Valley, not from sources within the City. The study also 
concluded that vehicular traffic was only a modest contributor to local PM10 (or PM2.5) aerosols 
in the City. Traffic-derived concentrations were generally less than 5% of the ambient 
background values. The results indicate that local traffic sources including traffic from I-80 have 
less influence on local air quality than regional sources. Measurements were also taken at Florin 
Road and the Florin-Stockton intersection in the Florin area of Sacramento and provide some 
comparison.  The results the Florin study indicated a more significant influence of traffic on local 
PM10 aerosols in that area than occurred in the Davis area. The authors postulated that the 
vehicle mix in the Florin area consisted of more diesel vehicles, heavy trucks, and older vehicles.  
Stoplights, idling, and congestion are also likely contributors to the difference.  
 
Another study sampled pollutants at a various sites along a transect from Yolo County through 
Sacramento to El Dorado County. One of the Davis sites in the study was the USFS Nursery 
located approximately 164 feet south of I-80 and Chiles Road. This location is comparable to the 
project site and had some of the lower pollution measurements of all the sites despite its 
proximity to the freeway. Measurements were comparable to or less than the other Davis site 
located in northwest Davis.  These wintertime measurements did not show any significant 
wintertime increase in pollutants for the Davis site. 
 
Implications for Project Site 
Although the Davis studies did not specifically look at the impact of proximity to freeways, they 
indicate that the basic air quality at the project site is not expected to be substantially worse than 
elsewhere in the city. When the overall regional air quality is unhealthy any additional exposure 
risk is undesirable. The information also indicates that the additional exposure risk at the project 
site and in the Davis area would be substantially less than in the Sacramento metropolitan area 
where local concentrations and the contribution from local sources can be higher. Nevertheless, 
health studies cited by the ARB have shown that an elevated exposure risk exists at sites close to 
high traffic roadways.  
 
Without an established threshold for mobile source emissions, the above analysis and studies 
provide a context for understanding the degree of the exposure risk at the project site relative to 
other areas in the City and region. Because there is still an elevated risk, City staff believes that 
the exposure risk from mobile sources is less than significant with mitigation.  Measures are 
necessary to minimize the potential risk. 
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Potential Mitigation Measures 
The SMQMD Recommended Protocol includes potential mitigation measures to reduce exposure 
levels. They include increasing the project distance from the freeway, site design to create a 
buffer, enhanced vegetative plantings, and other filtering systems. It cited a study measuring the 
filtration effectiveness of leaves and needles. The study found that all forms of vegetation were 
able to remove 65-85 percent of very fine particles at wind velocities below 1.5 meters per 
second (roughly 3 miles per hour) with redwood and deodar cedar being the most effective. 
 
The project already incorporates design measures to minimize exposure risks. The residential 
buildings are pushed back from the highway as far as possible. A generous landscape area along 
Cowell Boulevard will be planted with a dense buffer of trees. A large percentage of the trees 
will consist of redwood trees planted that will be planted 10 feet off center and will be effective 
in filtering out pollutants. Units will have alternative ventilation to allow for fresh air without the 
need to open the windows. The project layout uses Building B as a buffer for the rest of the site, 
particularly for the open space areas. The active outdoor areas are located internal to the site and 
direct exposure to the freeway is minimized. 
 
The project is also subject to potential noise impacts from traffic on I-80 which is discussed in 
Section XI (Noise). It includes noise mitigation measures for maximizing the setback from the 
freeway, higher quality windows for insulation, alternative ventilation for units, and siting of 
outdoor areas where they would be buffered from the freeway. Because the noise impact is 
related to freeway traffic, these measures are also effective at addressing air quality impacts.   
 
The Cahill analysis also suggests mitigation strategies that could be used to reduce exposure 
levels. It includes measures for reducing the source emissions, actions involving the right-of-way 
and roadway design, barriers between the right-of-way and subject property, and on-site 
measures. The off-site or regulatory measures are not practical for the project. However, 
mitigation at the receptor site is feasible and can improve air quality, particularly for indoor air 
quality so that it is cleaner than the outdoor air. The analysis recommends use of enhanced 
filtration within the dwellings using passive electrostatic filters and low air velocities to remove 
residual freeway aerosols. Overall, the project has already incorporated design elements and 
features or includes mitigation that would help to minimize potential air quality impacts. Because 
polluted outdoor air brought into a building with poor ventilation by an inefficient filter could 
actually raise pollution levels and because people spend a majority of their time indoors, 
additional measures are necessary to address indoor air quality.  
 
MITIGATION: 
 

MM#1 Indoor Air Quality. – In order to minimize air quality impacts and improve indoor 
air quality, prior to issuance of building permits the applicant shall incorporate the following 
mitigation measures into the building plans subject to review and approval of the Community 
Development Director and Building Official: 
 
a) Provide an enhanced filtration for all dwelling units using passive electrostatic filters and 

low air velocities or equivalent;  
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b) Use low VOC materials, paints, carpeting in the dwelling units consistent with Build It 

Green’s Multi-Family Green Building Guidelines. 
 
Implementation of the above mitigation ensures that potential impacts from exposure to mobile 
source emissions are reduced to a less than significant level. 
 
Office Parcel 
There are no minimum distance recommendations for the proposed office/research use on the 
parcel adjacent to the Interstate 80. The proposed commercial use primarily consists of indoor 
activity during normal work hours, exposure to outdoor air contaminants is limited. Mitigation 
measures have been identified in Section XI (Noise) for the office development in order to 
reduce noise impacts that would further reduce potential air quality impacts. It includes an 
alternate form of ventilation to ensure that windows can remain closed for a long period of time.  
Therefore, the project is considered to have a less than significant impact on the office parcel. 
 
 

IV. BIOLOGICAL RESOURCES 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal result in impacts to:     

a)  Endangered, threatened or rare species or 
their habitats (including but not limited to 
plants, fish, insects, animals, and birds)?  

    

b)  Locally designated species (e.g. heritage 
trees)? 

    

c)  Locally designated natural communities (e.g. 
oak forest, coastal habitat, etc.)?  

    

d)  Wetland habitat (e.g. marsh, riparian and 
vernal pool)?  

    

e)  Wildlife dispersal or migration corridors?      

 
DISCUSSION: 
 
The project site is approximately 4.4 acres in size. It is split by major arterial street, Cowell 
Boulevard, which separates the proposed multi-family parcel on south side from the office parcel 
on the north side. The project area is a flat, undeveloped site in an urbanized area. It consists 
primarily of non-native grasses and weedy forbs with scattered ornamental and horticultural 
trees.  It contains no water features or water bodies.  The surrounding area consists of several 
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developed sites with residential or commercial uses and several vacant parcels. The site is 
separated from other nearby vacant parcels by roads that fragment the undeveloped land. 
 
 
 
CONCLUSION: 
 
a) Potentially Significant Unless Mitigated.  A Biological Report prepared by LSA 
Associates, Inc. was conducted for the project. The grassland habitat was determined to be low 
quality accompanied by corresponding low diversity of wildlife. The report states that the site is 
“relatively free of biological constraints that will significantly affect its development.”  No 
sensitive species were observed or identified on site by the report or follow-up surveys. Although 
no suitable nesting trees for raptors are located on-site, there are potential nesting trees near the 
project area and records of a known Swainson’s hawk nest site within ¼ mile. Additionally, 
burrowing owls were observed in 2003 on the property directly east of the subject site and the 
project site also provides potential nesting habitat for burrowing owls.  Furthermore, it provides 
potential foraging habitat for burrowing owls and Swainson’s hawks because of the site’s 
proximity to known nest sites. 
 
Swainson’s hawk  
Swainson’s hawks (Buteo swainsoni) which are a threatened species are known to nest within the 
city limits and a known Swainson’s hawk nest site is within ¼ mile of the site.  This proximity of 
the project site to a known nest site is well within foraging range for Swainson’s hawks.  The 
California Department of Fish and Game has determined that parcels of land five acres or larger 
can provide suitable foraging habitat. The entire project site is 4.4 acres in size and falls below 
the five acre threshold.  Furthermore, it is fragmented into two different sites by Cowell 
Boulevard which creates a 1.16-acre on the north side and a 3.35-acre parcel on the south side. 
The southern parcel is contiguous with the 0.9-acre City greenbelt parcel, but would still not 
meet the 5-acre threshold. Therefore, the loss of potential foraging habitat to Swainson’s hawks 
is considered less than significant. 
 
Burrowing Owl 
The western burrowing owl (Athene cunicularia hypugea) is a Federal Bird of Conservation 
Concern and state Species of Special Concern which is known to exist in the City of Davis and 
the vicinity.  It inhabits vacant parcels and fields similar to the project site.  Although none have 
been observed on the project site, burrowing owls were observed on an adjacent property in 
2003. The burrowing owl is an opportunistic species that will occupy existing burrows and could 
potentially move onto the site to nest prior to construction.  Disturbance and impacts to nesting 
burrowing owls as a result of the project are potentially significant unless mitigation is 
incorporated. 
 
MITIGATION: 
 

MM#2 - Burrowing Owl Mitigation Measure - Prior to any grading or construction on site, 
a preconstruction survey for burrowing owls shall be conducted in areas of suitable habitat on 
and within 250 feet of the project site. A minimum of one survey shall be conducted by a 
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qualified biologist and shall be completed no less than 14 days and no more than 30 days 
before grading or construction begins.   Surveys shall be conducted by walking transects no 
more than 100 feet apart to achieve 100% visual coverage.   
 
a) If no occupied burrows are found during preconstruction surveys, a letter report 

documenting survey methods and findings should be submitted to the City of Davis for 
review and approval, and no further mitigation is required for potential impacts to 
burrowing owls.  

 
b) If an occupied burrow is found on or within 250 feet of the project site, potential 

disturbance shall be minimized by establishing a 160-foot radius buffer during non-
breeding season (September 1 through January 31) or a 250 foot radius buffer around the 
burrow during breeding season (February 1 through August 31) until the breeding season 
ends, or it is confirmed by a qualified biologist that the burrow is no longer occupied.  

 
c) If destruction of an occupied burrow in the project area is unavoidable, passive relocation 

techniques shall be used during the non-breeding season (September 1 through January 
31) to exclude the owls from the burrow in accordance with DFG guidelines (DFG 1995). 
Following relocation, the project site shall be monitored for five consecutive days to 
ensure that owls are no longer present. If site grading does not occur within three days 
after the five consecutive days of monitoring is completed, a biologist shall resurvey the 
site to determine if owls have reoccupied the site. If owls have reoccupied the site, 
passive relocation and monitoring procedures must be repeated. A qualified biologist 
shall be present during initial grading. If owls are present during initial grading, all 
grading must cease and passive relocation and monitoring procedures shall be repeated. 
Following completion of the passive relocation, a letter shall be submitted to the City of 
Davis documenting the methods and results of burrowing owl passive relocation on the 
project site.  If there are no occupied nests or if nesting owls have been relocated as 
described above, the site may be maintained per City requirements to prevent occupation 
by any burrowing owls. 

 
d) In addition to passive relocation, DFG guidelines suggest mitigating for the loss of 

burrowing owl nesting habitat on protected lands at a ratio of 6.5 acres per pair or 
individual displaced by development.  If occupied nests are detected on-site during 
breeding season, the applicant shall mitigate for the loss of nesting habitat consistent with 
DFG guidelines.  

 
Implementation of the above mitigation measure ensures that potential impacts to burrowing 
owls are less than significant.   
 
b)-e) No Impact. The project site is located in an urbanized area designated for development.  
The site and surrounding area is undeveloped and vegetation is largely composed of grasses and 
several scattered trees. There are no wetlands, or water bodies on the project site.  The project 
does not adversely affect any locally designated species, natural communities, wetland habitats, 
or migration corridors.   Therefore, the project is considered to have no impact. 
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V. CULTURAL RESOURCES 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal:     

a)  Disturb paleontological resources?      

b)  Disturb archaeological resources?      

c)  Affect historical resources?      

d)  Have the potential to cause a physical change 
which would affect unique ethnic cultural 
values? 

    

e)  Restrict existing religious or sacred uses 
within the potential impact area?  

    

 
DISCUSSION/CONCLUSION: 
 
a) & b) Less Than Significant Impact.  The project site is vacant and undeveloped and contains 
no structures.  There are no records of any historical or archaeological sites on the project site 
that would be impacted. The area is not considered a sensitive cultural site. The South Davis 
Specific Plan EIR identified no archaeological impacts in the area. A standard City requirement 
to stop work in the event any cultural resources are uncovered will be incorporated as a condition 
of approval. The project was reviewed by the State Office of Historic Preservation who 
concurred that no historic properties would be affected. Therefore, the project is considered to 
have a less than significant impact. 
 
c)-e) No Impact. The project site is vacant and undeveloped and contains no structures. There 
are no records of any historical, cultural, or religious resources on or associated with the project 
site that would be impacted. The area is not considered a sensitive cultural site. The South Davis 
Specific Plan EIR identified no archaeological impacts in the area.  Therefore, the project is 
considered to have no impact. 
 
 

VI. ENERGY AND MINERAL RESOURCES 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal:     

a)  Conflict with adopted energy conservation     
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VI. ENERGY AND MINERAL RESOURCES 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 
plans? 

b)  Use non-renewable resources in a wasteful 
and inefficient manner?  

    

c)  Result in the loss of availability of a known 
mineral resource that would be of future 
value to the region and the residents of the 
State?   

    

 
DISCUSSION/CONCLUSION: 
 
a) & c) No Impact.  The project does not conflict with any energy conservation plan.  There are 
no known mineral resources on site.  Therefore, the project is considered to have no impact. 
 
b) Less Than Significant Impact. The project will not require substantial amounts of energy 
during construction and is not expected to use non-renewable resources in a wasteful or 
inefficient manner. The project would result in the consumption of additional fuel resources by 
adding traffic to the local street system and use energy through its operations.  However the 
project site is served by local and regional bus routes and had direct access to a bicycle path. It 
will provides employees, residents and visitors to the site with alternatives to using non-
renewable resources for transportation purposes. The project will be required to meet and/or 
exceed state and local energy conservation requirements. The project is also subject to the City’s 
Green Building Ordinance which requires projects to incorporate a variety of green building 
measures that would help reduce energy use.  Therefore, energy impacts are considered less than 
significant. 
 
 

VII. GEOLOGY AND SOILS 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal result in or expose people to 
potential impacts involving: 

    

a)  Fault rupture?      

b)  Seismic ground shaking?      

c)  Seismic ground failure, including 
liquefaction?  
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VII. GEOLOGY AND SOILS 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

d)  Seiche, Tsunami, or volcanic hazard?      

e)  Landslides or mudflows?       

f)  Erosion, changes in topography or unstable 
soil conditions from excavation, grading, or 
fill?  

    

g)  Subsidence of the land?      

h)  Expansive soils?      

i)  Unique geologic or physical features?     

 
DISCUSSION/CONCLUSION: 
 
a)-c) & f)-h) Less Than Significant Impact. The proposed project would not increase the 
exposure to identified geologic hazards. No known earth quake fault lines are located within the 
City. The San Andreas fault system is to the west and the Eastern Sierra fault system is to the 
east. As identified in the General Plan EIR (pg. 51-2), the City is identified as being in Seismic 
Risk Zone III. This means the maximum intensity of an earthquake that would be experienced in 
the area would be a VII or VII on the modified Mercalli intensity scale. An earthquake of such 
magnitude could result in slight to moderate damage in specially designed or standard structures.  
 
A Geotechnical Investigation was prepared for the project and addressed potential soil or 
geological hazards. The report determined that the site is suitable for the proposed development 
and did not identify any significant hazards.  The project is required to provide and comply with 
a site-specific soils report prior to construction and be appropriately designed to meet all 
earthquake standards as required by building codes.  Therefore, the project is considered to have 
a less than significant impact. 
 
d), e) & i) No Impact.  The project site is flat. There are no features or known hazards that 
would present a tsuami, seiche, volcano, landslide, or mudflow risk.  Therefore, the project is 
considered to have no impact. 
 
 

VIII. HAZARDS AND HAZARDOUS 
MATERIALS Potentially 

Significant 
Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 
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VIII. HAZARDS AND HAZARDOUS 
MATERIALS Potentially 

Significant 
Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal involve:     

a)  A risk of accidental explosion or release of 
hazardous substances (including, but not 
limited to:  oil, pesticides, chemicals or 
radiation)?  

    

b)  Possible interference with an emergency 
response plan or emergency evacuation plan? 

    

c)  The creation of any health hazard or potential 
health hazards?  

    

d)  Exposure of people to existing sources of 
potential health hazards? 

    

e)  Increased fire hazard in areas with 
flammable brush, grass, or trees? 

    

 
DISCUSSION/CONCLUSION: 
 
a)-e) No Impact. The project is a residential apartment project and potential future office site. It 
does not involve the use of any hazardous materials and does not expose people to or create any 
new health hazards.  A Phase I Environmental Site Assessment was prepared for the project and 
did not identify any significant hazards. The site has a history of agricultural use, but no evidence 
of hazards has been identified. No sites within the vicinity of the subject site are considered 
threatening to the environmental integrity of the project. Therefore, the project is considered to 
have no impact to hazards and hazardous materials. 
 
 

IX. HYDROLOGY AND WATER QUALITY   
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal result in:     

a)  Changes in absorption rates, drainage 
patterns, or the rate and amount of surface 
runoff?  

    

b)  Exposure of people or property to water 
related hazards such as flooding?  
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IX. HYDROLOGY AND WATER QUALITY   
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

c)  Discharge into surface waters or other 
alteration of surface water quality (e.g. 
temperature, dissolved oxygen or turbidity)? 

    

d)  Changes in the amount of surface water in 
any water body?    

    

e)  Changes in currents, or the course or 
direction of water movements?  

    

f)  Change in the quantity of ground waters, 
either through direct additions or 
withdrawals, or through interception of an 
aquifer by cuts or excavations or through 
substantial loss of groundwater recharge 
capability?  

    

g)  Altered direction or rate of flow of 
groundwater?  

    

h)  Impacts to groundwater quality?      

i)  Substantial reduction in the amount of 
groundwater otherwise available for public 
water supplies?  

    

 
DISCUSSION/CONCLUSION: 
 
a), h) & i) Less Than Significant Impact.  The proposed building and site improvements to the 
vacant parcel result in development of the site and changes to surface runoff patterns and rates.  
The project is required to comply with City requirements for stormwater discharge. The site 
improvements include bioswales for stormwater retention and groundwater recharge to minimize 
runoff issues. The project will connect to City water system that draws from groundwater 
supplies. The project will be required to comply with standard water conservation measures for 
appliances and irrigation and will substantially reduce water supplies. Therefore, the project is 
considered to have a less than significant impact.  
 
b)-g) No Impact.  The proposed project does not result in any new or additional impacts related 
to hydrology or water quality.   There are no water bodies on or near the project site that would 
be affected.  The site is not within the 100 year flood zone.     Therefore, the project is considered 
to have no impact. 
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X. LAND USE AND PLANNING 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal:     

a)  Conflict with general plan designation or 
zoning? 

    

b)  Conflict with applicable environmental plans 
or policies adopted by agencies with 
jurisdiction over the project?  

    

c)  Be incompatible with existing land use in the 
vicinity?  

    

d)  Affect agricultural resources or operations 
(e.g. impacts to soils or farmlands, or 
impacts from incompatible land uses)?  

    

e)  Disrupt or divide the physical arrangement 
of an established community (including a 
low-income or minority community?  

    

 
DISCUSSION/CONCLUSION: 
 
a)-c) Less Than Significant Impact.  The site is currently designated Business Park under the 
General Plan and is zoned Industrial Research under the PD 12-87 zoning.  The current 
designations allow the proposed multi-family use is allowed as a secondary use and with a 
conditional use permit.  The project includes a General Plan Amendment to change the land use 
to High Density Residential, a Rezone to change the zoning district to Multi-Family, and a 
Specific Plan Amendment to ensure reflect the changes.  The project would be consistent with 
the general plan and zoning with approval of the land use changes.   
 
The project site includes a 0.75-acre land dedication site intended for affordable housing. The 
current zoning allows multifamily uses as a conditional use. The project would also develop the 
adjacent 2.56 acre site as part of the multi-family project. The residential site would be rezoned 
to multi-family.  Although the project results in the conversion of commercial land, an Economic 
Feasibility Study that included the subject property determined that commercial development of 
the site was “Highly Infeasible” for most uses. Three uses, automobile dealership, mixed use 
small office with residential, and small office on small parcels, were considered “Somewhat 
Infeasible.” The proposed residential use remains consistent with the overall intent of the general 
plan, environmental plans, and policies for land use, housing, economic development, 
circulation.   
 
Surrounding properties are dominated by residential development.  Nearby commercial 
properties are undeveloped, except for a UCD bookstore warehouse to the east. Proximity to the 
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freeway raises potential land use conflicts, but air quality and noise reports prepared for the 
project analyzed the related issues. They determined that the potential impacts were not 
significant and included project recommendations which have been incorporated. The triangular 
parcel would remain designated for research/office use and the proposed project would not 
adversely affect development of the office site.  Therefore, impacts are considered less than 
significant. 
 
d) & e) No Impact. The project does not affect any agricultural resources or operations. The site 
is adjacent to existing development. The project site and adjacent vacant sites are zoned for 
development. The site is part of an existing community. Development of the site and related 
improvements will help to better link the community together with the bicycle path and road 
improvements. Therefore, the project is considered to have no impact. 
 
 

XI. NOISE 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal result in:     

a)  Increases in existing noise levels?      

b)  Exposure of people to severe noise levels?      

 
DISCUSSION: 
 
The project proposes a 69-unit residential apartment community. The site is surrounded by other 
residential uses and potential commercial uses.  The residential use will not result in any long-
term or significant noise increase.  However, construction-related noise would result in a short-
term increase in noise levels. The project is subject to the City’s Noise Ordinance (Municipal 
Code Chapter 24) that regulates general noise levels with specific provisions for construction 
hours and operations.  It limits noise from construction equipment to 86 dBA at the edge of the 
property plane. 
 
Noise levels in the vicinity of the project that future residents would be exposed to come from a 
variety of sources. Surrounding land uses are residential or commercial in nature and do not 
generate any unusual or significant amount of noise.  However, roadway noise and train noise 
can be more substantial.  The proposed residential parcel is approximately 100 feet from the 
nearest travel lane of Interstate 80.  The office parcel is approximately 55 feet from the nearest 
travel lane.  The close proximity to the highway exposes the sites to significant roadway traffic 
noise which dominates any other nearby noise source. An Acoustical Analysis prepared by LSA 
Associates was conducted for the project to evaluate potential noise impacts.  The General Plan 
establishes thresholds for acceptable exterior and interior noise exposure for different land uses 
which are summarized in Table 4 and Table 5 below.  
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  Table 4. Standards for Interior Noise Levels 
Use Noise Level (dBA) 
Residences 45 
Offices 55 

 
Table 5. Standards for Exterior Noise Exposure 

Community Noise Exposure (Ldn or CNEL, dBA) 

Use 
Normally 

Acceptable 
Conditionally 

Acceptable 
Normally 

Unacceptable 
Clearly 

Unacceptable 
Residential Under 60 60-70 70-75 Above 75 
Office Buildings, 
Business Commercial 
and Professional 

Under 65 65-75 Above 75 NA 

 
CONCLUSION/MITIGATION: 
 
a) Potentially Significant Unless Mitigated.  The project will produce short-term increases in 
construction-related noise that could impact nearby residences as a result of construction-related 
traffic and activities.  An Acoustical Analysis was prepared for the project and analyzed the 
potential noise impacts.  The report determined that the potential noise level from construction-
related traffic on access roads leading to the site could be high for a single event. For example a 
truck passing at 50 feet would generate a maximum of 86 dBA Lmax.  However, the incremental 
increase in the longer term (hourly or daily) noise levels would be small. Therefore, the 
construction-related traffic noise impact would be less than significant. 
 
Excavation, grading, and construction activities can also result in a substantial noise increase. 
According to the noise report, construction noise can range as high as 91 dBA Lmax at 50 feet 
during the noisiest phases.  Although it would not be a permanent increase in noise levels, it can 
be an intermittent and sustained increase during the construction phase. Existing residential units 
and outdoor activity areas are located within 50 feet of potentially active construction areas and 
could be impacted.   Because the noise from construction equipment potentially exceeds the 
City’s standards for acceptable level for construction activities of 86 dBA at the edge of the 
property plane, the potential impact is considered significant unless mitigation is incorporated. 
 
The closest existing noise sensitive receptor to the office/commercial parcels are residential land 
uses located southeast of the project site on Koso Street. They are approximately 465 feet away 
and would not be significantly impacted by construction noise.  However, the proposed 
residential units are approximately 160 feet from potential active construction areas on the 
commercial/office site. If the residential parcel is developed and occupied before construction 
begins on the commercial/office site, construction-related noise would impact sensitive receptors 
and mitigation would be required. 
 

MM#3 - Construction Noise Mitigation.  In order to reduce potential impacts from short-
term construction noise on nearby residences to a less than significant level for development 
of the residential parcel, the project contractor shall implement the following measures to be 
included as notes on grading and building plans.  If the residential parcel is developed and 
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occupied before construction on the commercial/office parcel occurs, the following measures 
shall also be implemented for construction on the commercial/office parcel. 

 
a) The project contractor shall permit only one piece of earthmoving equipment (including 

scrapers, haul trucks, rollers, dozers, tractors, front end loaders, hydraulic backhoes or 
excavators, graders, or similar equipment) to operate at any single time within 100 feet of 
the Owendale Community property line; 
 

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

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

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

e) During all project construction, the construction contractor shall limit all noise-producing 
construction related activities to the hours of 7:00 a.m. to 7:00 p.m., Monday through 
Friday, and to the hours of 8:00 a.m. and 8:00 p.m. on Saturdays and Sundays. For the 
office/commercial parcels which are located more than two hundred feet from existing 
homes, the contractor may request a special use permit to begin work at 6 a.m. on 
weekdays from June 15th until September 1st. 

 
Implementation of the above mitigation measure and compliance with the City’s Noise 
Ordinance ensures that potential impacts are less than significant.   
 
b) Potentially Significant Unless Mitigated. The project site is exposed to significant roadway 
traffic noise because of its proximity to Interstate Highway 80.  The major source of traffic noise 
comes from I-80. Noise from other sources including Cowell Boulevard, Drummond Avenue, 
and the railroad line on the north side of the highway are not significant contributors.  The noise 
analysis prepared for the project focused on the highway traffic noise impacts. Potential noise 
impacts from other sources are addressed as part of the highway noise impact analysis and 
proposed mitigation measures.   
 
The Acoustical Analysis prepared for the project measured ambient noise levels on the project 
site.  The 24-hour weighted average was 71 dBA CNEL.  The levels were generally confirmed 
by traffic noise modeling that was conducted.  The modeling also calculated future roadway 
traffic noise levels along I-80 and predicted an increase to 81.9 dBA at 50 feet from the 
centerline of the outermost travel lane by 2025.   
 
Residential Parcel.  
The traffic noise modeling indicated that the closest outdoor sensitive receptor areas on the 
residential parcel would be exposed to future traffic noise levels from I-80 of up to 73.9 dBA 
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CNEL.  It assumed a minimum setback of 260 feet from the centerline of I-80. This level 
exceeds the City’s threshold of 70 dBA for acceptable exterior noise level. Using standard 
construction, it would also exceed the threshold of 45 dBA for interior noise level for residential 
uses.  It results in a significant impact unless mitigated. 
 
Noise levels can be reduced with berming, landscaping, and structures.  Interiors levels can be 
further reduced with the use of higher quality construction materials and insulation.  Although 
the project proposes berms in the landscape area along Cowell Boulevard, the noise reduction 
benefits are not fully realized because of the driveway openings.  Landscaping with trees along 
Cowell Boulevard is proposed and would provide further noise buffering.   
 
Based on the EPA’s Protective Noise Levels, standard construction for northern California 
buildings would provide more than 25 dBA in exterior to interior noise reduction with windows 
closed and 15 dBA or more with windows open.  A building located between the noise source 
and receptor would provide a minimum of 15 dBA reduction.  The project design which orients 
and sites Building B towards the highway is intended to provide noise reduction for the active 
outdoor areas which includes, yards playgrounds, patios, decks, and balconies, to an acceptable 
level of 58.9 dBA (73.9 dBA - 15 dBA = 58.9 dBA). 
 
Residential units that face I-80 would be exposed to noise levels up to 73.9 dBA CNEL.  With 
windows open, noise levels of 58.9 dBA (73.9 dBA - 15 dBA = 58.9 dBA) would exceed the 
residential interior noise standard of 45 dBA. Alternate ventilation would be necessary to allow 
windows to remain closed.  Even with windows closed, the interior noise level of 48.9 dBA (73.9 
dBA – 25 dBA = 48.9 dBA) would exceed the residential standard under standard construction.  
Further noise reduction features such as enhanced building materials would therefore be 
necessary. The project would result in a significant noise impact to development on the 
residential parcel unless mitigated. 
 

MM#4 - Residential Parcel Traffic Noise Mitigation.  In order to reduce impacts from 
traffic noise to a less than significant level, the applicant shall incorporate the following 
measures into the building plans for the residential parcel subject to review and approval of 
the Community Development Director: 
 
a) A minimum setback of 260 feet from the centerline of I-80 shall be required of all noise 

sensitive land uses on the residential parcels;  
 

b) An alternate form of ventilation, such as an air conditioning system and trickle 
ventilation, should be required for all residential units directly exposed to I-80 to ensure 
that windows can remain closed for a prolonged period of time;  
 

c) Windows with a minimum STC-32 rating shall be required for all residential units with 
façades directly exposed to I-80; and  
 

d) All outdoor active use areas (including playgrounds, patios, and balconies) shall be 
located on the south side of buildings on the residential parcels. 
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Implementation of the above mitigation ensures that noise impacts to the proposed residential 
use are reduced to a less than significant level. 
 
Commercial Parcel.  
Existing traffic noise levels on the office/commercial parcel range up to 78.7 dBA CNEL which 
exceeds the acceptable threshold of 75 dBA for commercial exterior noise level and 55 dBA for 
commercial interior noise level using standard construction methods.  According the Acoustical 
Analysis, a berm at least four feet high above the finished pad elevation of a building would 
reduce exterior noise level from the highway traffic to 69.2 dBA CNEL which is within the 
conditionally acceptable range.  Dense landscaping could provide further noise reduction.  
 
Noise levels on the first floor could be reduced to an acceptable interior noise level of 54.2 dBA 
CNEL (69.2 dBA – 15 dBA = 54.2 dBA) with windows open and with standard construction. 
However, upper floors would not benefit from a berm and would be exposed to traffic noise 
levels up to 77.1 dBA CNEL.  In order to meet interior noise standards, windows would need to 
remain closed, requiring alternate ventilation. The project would result in a significant impact to 
development on the office/commercial parcel unless mitigated.   
 

MM#5 - Office/Commercial Parcel Traffic Noise Mitigation.  In order to reduce impacts 
from traffic noise to a less than significant level, the applicant shall incorporate the following 
measures into the building plans for the commercial parcel subject to review and approval of 
the Community Development Director 

 
a) A berm a minimum of 4 feet in height above the finished pad elevation and extending the 

length of the property should be constructed on the northern property boundary adjacent 
to I-80;  
 

b) The berm should be landscaped with dense vegetation and tree cover to aid in blocking 
the line of sight to the traffic noise source;  
 

c) A minimum setback of 165 feet from the centerline of I-80 should be required of all noise 
sensitive land uses on the office/commercial parcel;  
 

d) An alternate form of ventilation, such as an air conditioning system, should be required 
for all office/commercial spaces directly exposed to I-80 to ensure that windows can 
remain closed for a prolonged period of time. 

 
Implementation of the above mitigation ensures that potential noise impacts to the commercial/ 
office parcel are less than significant.   
 
 

XII. POPULATION AND HOUSING 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 
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XII. POPULATION AND HOUSING 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal:     

a)  Cumulatively exceed official regional or 
local population projections?  

    

b)  Induce substantial growth in an area either 
directly or indirectly (e.g. through projects in 
an undeveloped area or extension of major 
infrastructure)?  

    

c)  Displace existing housing, especially 
affordable housing?       

    

 

 
DISCUSSION/CONCLUSION: 
 
a) & c) No Impact.  The proposed project is for a 69-unit residential affordable apartment 
community.  It does not exceed local population projections. The site is vacant and no existing 
housing is displaced.  Therefore, the project is considered to have no impact. 
 
b) Less Than Significant Impact. The site includes a land dedication site for affordable housing 
and rezoning of an adjacent parcel for multifamily use.  It results in additional housing and 
population growth on the site. However, the additional housing is consistent with the City’s 
Housing Element and housing needs and the site is largely surrounded by existing development 
and is designated for development.  It does not result in substantial growth and impacts are 
considered less than significant. 
 
 

XII. PUBLIC SERVICES 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal have an effect upon, or result in 
a need for new or altered government services 
in any of the following areas: 

    

a)  Fire protection?      

b)  Police protection?      

c)  Schools?      
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XII. PUBLIC SERVICES 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

d)  Maintenance of public facilities, including 
roads?       

    

e)  Other governmental services?      

 
DISCUSSION/CONCLUSION: 
 
a)-e) Less Than Significant Impact.  The project is located in an urbanized area where services 
are already available and provided.  The new multi-family project adds residents to the area. It 
will need basic public services, but it does not require the provision of any new or altered 
services. Applicable local agencies have reviewed the project and no significant issues have been 
raised. Fire, police, schools, and other public facilities are available and adequate to serve the 
project and the project will be required to pay related impact fees.  Therefore, the project is 
considered to have a less than significant impact on public services. 
 
 

XIV. RECREATION 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal:     

a)  Increase the demand for neighborhood or 
regional parks or other recreational facilities? 

    

b)  Affect existing recreational opportunities?      

 
DISCUSSION/CONCLUSION: 
 
a) & b) Less Than Significant Impact.  The proposed multi-family project will add residents to 
the area and create additional use of parks or recreational facilities. The project includes bicycle 
path improvements adjacent to the site that will enhance recreational facilities. Existing parks 
and facilities are adequate to serve the project which will pay required impact fees for 
recreational facilities.  The project does not adversely affect any existing recreational 
opportunities.  Therefore, the project is considered to have a less than significant impact. 
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XV. TRANSPORTATION AND 
CIRCULATION Potentially 

Significant 
Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal result in:     

a)  Increased vehicle trips or traffic congestion?      

b)  Hazards to safety from design features (e.g. 
sharp curves or dangerous intersections) or 
incompatible uses (e.g. farm equipment)?  

    

c)  Inadequate emergency access or access to 
nearby uses?  

    

d)  Insufficient parking capacity on-site or off-
site? 

    

e)  Hazards or barriers for pedestrians or 
bicyclists? 

    

f)  Conflicts with adopted policies supporting 
alternative transportation (e.g. bus turnouts, 
bicycle racks)?  

    

g)  Rail, waterborne or air traffic impacts?      

 
DISCUSSION: 
 
The proposed project would construct a 69-unit affordable apartment community on an 
undeveloped 3.38-acre site. The site fronts on Cowell Boulevard and Drummond Avenue. 
Cowell Boulevard is classified as a 2 plus-lane major arterial.  It currently has one vehicle lane 
and one bicycle lane in each direction with space for a left turn lane. Drummond Avenue is 
classified as a 2-lane minor arterial.  
 
The project proposes two driveways on Cowell Boulevard to provide access to the site. Both 
driveways will have right and left turn access into the project site and onto Cowell Boulevard. 
Off-site improvements include completion of a roundabout at the intersection of Cowell and 
Drummond, striping for a continuous left-turn lane, and bicycle path improvements to the 
adjacent greenbelt. 122 on-site vehicle parking spaces are proposed with five of them in reserve 
to be developed if needed.  140 bicycle parking spaces will be provided. The site is served by 
Yolo County Transit and local Unitrans service with a bus stop on Drummond Avenue in front of 
the site and another bus stop on Cowell Boulevard just west of the site. 
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CONCLUSION: 
 
a) Less Than Significant Impact With Mitigation. The proposed project will add vehicle trips 
to the local road system as a result of new apartment project. A Traffic Impact Analysis was 
prepared for the project.  The report estimated that the project would generate 491 new daily 
trips.  35 new trips would occur during the a.m. peak hour and 45 new trips would occur during 
the p.m. peak hour.  Nearby roadway segments and intersections were evaluated for potential 
impacts.  The analysis determined that even with the additional new traffic from the project, all 
intersections will continue to operate at a Level of Service (LOS) C or better and that all 
roadway segments will continue to operate at LOS A under existing plus approved projects plus 
the project specific impacts. Under a future plus project setting, it was projected that all 
intersections would operate at LOS D or better and roadway segments would continue to operate 
at LOS A. 
 
The General Plan establishes Level of Service standards for city roadways and intersections. It 
sets a LOS E for intersections and segments for arterials and collectors during peak traffic hours 
and a LOS D for arterials, collectors and major intersections during non-peak traffic hours. None 
of the unsignalized intersections would meet peak hour signal warrants and the roadway 
segments would continue to operate above City LOS thresholds under both existing plus project 
as well as future conditions. Therefore, traffic impacts on intersections and roadways are 
considered less than significant. 
 
The traffic analysis was reviewed by the City of Davis Public Works Department which 
concurred with the general conclusions.  However, the report identified potential access and 
safety impacts related to the project that could have potential adverse effects and therefore 
requires mitigation: 
 
MITIGATION: 
 

MM#6 - Traffic/Circulation Mitigation.  In order to reduce potential traffic safety and 
circulation impacts to a less than significant level, the applicant shall implement the 
following measures to the satisfaction of City Engineer: 
 
a) Construct half roadway improvements along project frontage on Cowell Boulevard and 

Drummond Avenue a continuous left turn lane to facilitate access into and out of the 
project site; and  
 

b) Verify sight distances at the driveway locations. 
 
Implementation of the above mitigation ensures that impacts are reduced to a less than 
significant level. 
 
b)-e)  Less Than Significant Impact. The project does not include any unusual traffic or safety 
hazards. Frontage and off-site improvements related to the project will be designed consistent 
with City standards and ensure that potential hazards to vehicles, bicycles, and pedestrians are 
minimized.  On-site circulation is adequate. The project meets parking requirements for a multi-
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family use consistent with zoning standards. Emergency access is provided and local agencies 
have reviewed the project to ensure that access is adequate.  Therefore, the project is considered 
to have a less than significant impact.  
 
f) & g) No Impact.  The project is consistent with policies for alternative transportation. The site 
is served by existing bus service and transit stops. Two bicycle parking spaces per unit will be 
provided consistent with City guidelines. No rail, waterborne, or air systems are impacted.  
Therefore, the project is considered to have no impact.  
 
 

XVI. UTILITIES AND SERVICE SYSTEMS 
Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

Would the proposal result in a need for new 
systems or supplies, or substantial alterations 
to the following utilities: 

    

a)  Power or natural gas?      

b)  Communications systems?      

c)  Local or regional water treatment or 
distribution facilities?     

    

d)  Sewer or septic tanks?      

e)  Storm water drainage?      

f)  Solid waste disposal?      

g)  Local or regional water supplies?      

 
DISCUSSION/CONCLUSION: 
 
a)-f) Less Than Significant Impact.  The proposed multi-family project is located in an 
urbanized area.  Utilities and services are existing or available through local City Services, Davis 
Waste Removal, Pacific Gas and Electric, and other providers.  The project will use some of the 
existing service capacity. Services and supplies are adequate to serve the project which does not 
result in the need for any new systems or supplies. Therefore the impact is considered to be less 
than significant. 
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XVII. MANDATORY FINDINGS OF 
SIGNIFICANCE Potentially 

Significant 
Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact 
No 

Impact 

     

a)  Does the project have the potential to 
degrade the quality of the environment, 
substantially reduce the habitat of a fish or 
wildlife species, cause a fish or wildlife 
population to drop below self-sustaining 
levels, threaten to eliminate a plant or animal 
community, reduce the number or restrict the 
range of a rare or endangered plant or animal 
or eliminate important examples of the major 
periods of California history or prehistory? 

    

b)  Does the project have the potential to 
achieve short-term objectives, to the 
disadvantage of long-term, environmental 
goals?  

    

c)  Does the project have impacts that are 
individually limited, but cumulatively 
considerable? (“Cumulatively considerable” 
means that the incremental effects of a 
project are considerable when viewed in 
connection with the effects of past projects, 
the effects of other current projects, and the 
effects of probable future projects) 

    

d)  Does the project have environmental effects 
which will cause substantial adverse effects 
on human beings, either directly or 
indirectly? 

    

 
DISCUSSION/CONCLUSION: 
 
a) Less Than Significant Impact.  The project site is located in an urbanized area designated for 
development.  The site is disturbed and largely consists of non-native grasses with low habitat 
value. The surrounding area is largely developed and the proposed multi-family residential 
project would be consistent with the surrounding area.  There are no known sensitive species or 
habitat on-site that would be impacted.  However, development of the site could impact habitat 
for burrowing owls.  Potential impacts to burrowing owls are addressed in Section IV (Biological 
Resources).  Therefore, the project would not substantially degrade the quality of the 
environment and is considered to have a less than significant impact.  
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b) Less Than Significant Impact. The project involves development of a vacant site and is 
consistent with the proposed Zoning and General Plan. The project will meet all applicable 
requirements.  The proposed project does not conflict with or disadvantage long-term 
environmental goals and is therefore considered to have no impact. 
 
c) Less Than Significant Impact.  The proposed project will result in increased vehicle trips 
with potential cumulative impacts on air quality and climate change.  Although it would generate 
additional vehicle trips and contribute pollutants which the area is in non-attainment, the project 
does not result in a cumulatively considerable net increase.  The District Air Quality Plan 
assumes some increase in growth and a cumulative impact from all development projects. It 
anticipates that all projects will mitigate their incremental emissions contribution as much as 
possible and is addressed in General Plan policies encouraging infill development, proximity to 
services, and alternative transportation modes.  The Program EIR for the General Plan Update 
determined that mitigation measures could be implemented to reduce potential air quality 
impacts, but that the impacts would remain significant and unavoidable.  In addition, the District 
considers an impact cumulatively significant if the project requires a change in the existing land 
use designation or if projected emissions are greater than emissions for the site if developed 
under the existing land use designation.  The proposed use is consistent with the proposed 
Zoning and General Plan.  Air quality impacts are already addressed and the project does not 
result in a cumulatively considerable net increase. 
 
The project also produces greenhouse gases that contribute global warming impacts. However, 
information and thresholds are not yet available to determine the project’s contribution or 
appropriate mitigation. As proposed, the project includes a number of elements that help to 
reduce overall carbon emissions. It is an infill site within the city with a proposed density of 20 
units per gross acre that makes efficient use of the site.  The location is well-served by transit and 
is directly adjacent to a city greenbelt/bicycle path and city streets with bike lanes.  Siting of the 
buildings take advantage of southern exposures and roofs will allow for photovoltaics to be 
installed if desired. The project will comply with city requirements for energy conservation and 
efficiency.  Therefore, the project is considered to have less than significant cumulative impacts. 
 
d) Less Than Significant Impact. The proposed project is a multi-family residential 
development.  It is consistent with surrounding residential sites and potential office/commercial 
sites. Proximity to the freeway creates potential air quality and noise impacts.  However, 
potential impacts have been analyzed and addressed above and determined to be less than 
significant. The project will have no significant adverse impacts on human beings. 
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8.2   
 
 
 

Davis City Council’s Findings for 
Preparation of an EIR,  
November 6, 2008 

 



 
 
 
 
 
November 6, 2008 
 
Wendy Carter 
Sacramento Mutual Housing Association 
3451 Fifth Avenue 
Sacramento, CA 95817 
 
RE:  City Council Action on the New Harmony Project  
 
File #: Planning Application #61-07 (General Plan Amendment #06-07, Specific Plan 

Amendment #01-08, Rezone #06-07, Final Planned Development #07-07, Design Review 
#27-07, Tentative Map #01-08, Minor Modification #02-08, Appeal #03-08; Negative 
Declaration #07-07) 

 
Dear Wendy, 
 
This is to summarize the City Council’s actions regarding your planning application (PA #61-07) 
for the proposed New Harmony Affordable Apartment Community. Following the City 
Council’s hearing on the project on October 7, 2008, staff returned on October 14, 2008 to 
present options that included findings for denial or preparation of an Environmental Impact 
Report. The Council continued the item to November 5, 2008. 
 
On November 5, 2008, the City Council voted 4-1 directing staff to begin preparation of an 
Environmental Impact Report on the project and adopted the attached findings, as amended by 
the City Council. 
 
If you have any questions, please feel free to contact me at: (530) 757-5610; or by email at: 
elee@cityofdavis.org.   
 
Sincerely, 
 
 
Eric Lee, 
Assistant Planner 
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ATTACHMENT 1 
 

FINDINGS FOR PREPARATION OF AN EIR 
New Harmony Affordable Apartment Community 

Planning Application #61-07 (GPA#06-07, SPA#01-08, REZ #06-07,  
FPD#07-07, TM#01-08, DR#27-07, MM#02-08, APP#03-08) 

 
1. Substantial Adverse Effect. The City Council of the City of Davis finds that the 

development project, as proposed, may have a specific, adverse impact upon the public 
health and safety, and there is no feasible method to satisfactorily mitigate or avoid the 
specific adverse impact without rendering the development unaffordable to low- and 
moderate-income households, in that the project is approximately 200 feet from Interstate 80 
resulting in adverse health impacts on the project. Based on the Initial Study prepared and 
evidence presented, there is conflicting expert opinion as to the significance of the impacts 
and an EIR must be prepared, based on the following evidence: 

a) Initial Study prepared for subject project, Planning Application #61-07. 
b) The information and study as provided by public comment and testimony given by 

Dr. Kris Kordana that included a health study titled, Effect of exposure to traffic on 
lung development from 10 to 18 years of age: a cohort study, by W. James 
Gauderman, et. al. and published in the February 17, 2007 edition of medical journal, 
The Lancet, which determined that exposure to freeway traffic adversely affects the 
lung development of children living within 500 meters (1,640 feet) of a freeway 
compared to children living further away The study was specifically designed to 
eliminate multiple potential variables "local effect" and focus simply on proximity to 
a freeway and was conducted over a 7 year period in multiple communities.  The 
study conclusively showed that there was a measurable impact on lung development 
in all of the various communities studied, independent of direction one lived from the 
freeway, freeway traffic, and local air quality.  Impaired lung development in children 
has chronic, lifetime effects.  

c) The project site is located within 500 feet of Interstate 80. The California Air 
Resources Board (CARB) has issued guidelines recommending against the siting of 
sensitive land uses, such as the proposed residential use, within 500 feet of freeways 
and high traffic roadways because of studies that have shown that diesel exhaust from 
vehicle emissions has the potential to cause cancer, premature deaths, and other 
health problems. Children whose lungs are still developing and the elderly who may 
have other serious health problems are most vulnerable. Studies have shown that 
sensitive land uses within 500 feet of freeways and high traffic roadways face an 
elevated exposure risk to diesel particulate matter (PM) and toxic air contaminants. 
The existing background cancer risk in the Sacramento Valley Air Basin is estimated 
at 520 in one million in 2000 with 360 in one million attributed to diesel PM alone. 
The risk is already considered high and unhealthy by CARB and any additional 
increase in the exposure risk is cumulative and increases the potential health impact.  

d) Information published by CARB titled, Health Effects of Diesel Exhaust Particulate 
Matter, listed health effects from diesel PM exposure to include: 

- Premature deaths,  
- Lung cancer 
- Decreased lung function in children 
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- Chronic bronchitis 
- Increased respiratory and cardiovascular hospitalizations 
- Aggravated asthma 
- Increased respiratory symptoms 

e) The CARB information summarized the following impacts and studies related to 
premature death. PM is a contributing factor to premature death from heart and/or 
lung diseases, based on studies of over 500,000 people (Pope et al., 1995, 2002), and 
independently verified with a reanalysis requested by industry and the U.S. Congress 
(Krewski et al., 2001). Average life expectancy was reduced by about 1.5 years, 
comparing the cities with highest and lowest high PM levels (Brunekreef, 1997). This 
translates to a loss of about 14 years of life for people who died from diseases 
associated with PM exposure (USEPA, 1999). These studies serve as the basis for PM 
air quality standards by ARB, U.S. EPA, the World Health Organization guidelines 
for Europe, and other countries. Very few studies have investigated the responses of 
human subjects specifically exposed to diesel PM, and none of the available 
epidemiologic studies have measured the diesel PM content of the outdoor pollution 
mix. However, the extensive animal toxicology literature on the health impacts of 
diesel exhaust PM leads to the conclusion that diesel exhaust PM is at least as toxic as 
the general ambient PM mixture. ARB has made quantitative estimates of the public 
health impacts of diesel exhaust PM based on this equivalency assumption and 
estimates that current Statewide levels of diesel PM contribute to 2,000 deaths (range: 
970 to 3,000) annually, and that PM formed from diesel engine emissions of oxides of 
nitrogen (NOX) contributes to an additional 900 deaths (range: 440 to 1,400) 
annually (Lloyd and Cackette, 2001). Specific studies that link motor vehicle-related 
PM exposure to premature death include: 

- Elderly people living near major roads had almost twice the risk of dying 
from cardiopulmonary causes (Hoek et al., 2000). 

- PM from motor vehicles was linked to increased mortality (Tsai et al., 
2000). 

- Fine PM (PM2.5) from mobile sources accounted for three times the 
mortality as did PM2.5 from coal combustion sources (Laden et al., 2000). 

f) The CARB information summarized the following effects and studies related to 
respiratory impacts. PM is a contributing factor to hospital admissions and emergency 
room visits for cardiopulmonary causes (Pope, 1989; Schwartz et al., 2003; Sheppard, 
2003; Zanobetti and Schwartz, 2003), asthma exacerbation (Whittemore and Korn, 
1980), and lost work days (Ostro, 1987). CARB estimates that thousands of hospital 
admissions for cardiopulmonary causes, emergency room visits, asthma attacks, and 
millions of lost work days each year in California due to PM (CARB, 2002). At least 
10% of these impacts are related to diesel PM. In addition, preliminary evidence 
suggests that diesel PM exposure may facilitate development of new allergies (Diaz-
Sanchez et al., 1999; Kleinman et al., 2005). By age 18, children exposed to higher 
levels of PM2.5, NOX, acid vapor, and elemental carbon (all products of fossil fuel 
combustion, especially diesel) are five times more likely (7.9% versus 1.6%) to have 
underdeveloped lungs (80% of normal, equivalent to 40-year olds) compared to 
teenagers living in communities with lower pollutant levels, and will likely never 
recover (Gauderman et al., 2004).  

g) The CARB information cited the following effects and studies for cancer-related 
impacts. Diesel PM contains toxic chemicals including compounds that are known to 
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cause damage to genetic material (DNA) and are considered to cause cancer. For 
example, one class of compounds typically present on diesel PM is polycyclic 
aromatic hydrocarbons, or PAHs. Some PAHs have been classified as probable 
human carcinogens by the U.S. EPA and by the International Agency for Research on 
Cancer (IARC, 1989), a World Health Organization group. These compounds have 
also been shown to damage DNA and also be absorbed into the bloodstream after 
diesel PM exposure, and are therefore considered to be available to damage cells in 
tissues such as the lung (U.S. EPA, 2002). Benzene, the first toxic air contaminant 
listed by the State, and a known human cancer causing agent for leukemia, has been 
reported not only in the gaseous phase of diesel exhaust, but also is present on diesel 
PM itself (U.S. EPA, 2002). Other cancer causing compounds such as formaldehyde, 
acetaldehyde, acrolein, and 1,3-butadiene are present in diesel exhaust (IARC, 1989; 
U.S. EPA, 2002) primarily in the gas phase. Diesel exhaust is also considered to pose 
a respiratory hazard to humans based on extensive studies that show that 
inflammation is present in many animals exposed to diesel exhaust (U.S. EPA, 2002). 
Diesel exhaust is a complex mixture of toxic chemicals, many of which remain 
unidentified. 
 

2. Inadequate Initial Study. The Initial Study prepared for the proposed project is not 
adequate because there is substantial evidence in light of the record, including but not limited 
to the Lancet article the CARB studies cited above, that the project would have a substantial 
adverse effect on human beings by placing residents, particularly children, too close to 
Interstate 80. The potential mitigation measures for the project including, vegetation buffers, 
screening, indoor filters, alternate ventilation, site layout, etc. do not provide quantifiable 
benefits that would satisfactorily mitigate the health impacts to a less than significant level 
and requires preparation of an EIR 

a) Further, the Initial Study and the review by Dr. Cahill rely on modeling and 
projections, and do not include health studies indicating that the health issues found in 
the Lancet study and other materials will, in fact, be offset by the proposed mitigation 
measures.  Rather, a fair argument can be made, based on the Lancet study and other 
health based studies, such as the CARB studies, that the project would have a 
significant adverse health impact on the residents, particularly on children and lung 
development in children.  

b) The Lancet Study and the CARB information provide substantial evidence of 
significant and quantifiable direct and unavoidable impacts that cannot be 
satisfactorily mitigated and cannot avoid the specific adverse impact without 
rendering the development unaffordable to low and moderate income households.  

c) These findings are also based on the adopted Yolo Solano AQMD standard that 
recommends avoiding locating sensitive land uses within 500 feet of freeways 
because of elevated exposure risks.  This project is two hundred feet from the freeway 
and would include young children who are sensitive receptors, as indicated above.   

d) Further, the Sacramento Metropolitan Air Management District has draft 
recommendations for evaluating the location of sensitive land uses  entitled 
"Recommended Protocol for Evaluating the Location of Sensitive Land Uses next to 
Major Roadways, Version 2.0 (June 2008).  Based on the information and analysis in 
this city staff report using the standards set forth in this Protocol, the health risk based 
on the project's proximity to Interstate 80 is significantly greater than a similar project 
situated further from the freeway.  
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3.  Separate and Independent Grounds for Preparation of an EIR. The council finds that 

each of the studies and reports referenced above constitutes a separate and independent 
ground for preparation of an EIR of this project because each study, independently, when 
viewed against the location of this proposed project, provides quantifiable direct and 
unavoidable impacts on public health and safety, based on the public health standards 
contained in the studies and in the CARB and air district protocols and standards. 
 

 

    



8.3    
 
 
 

YSAQMD Initial Study Comments, 
October 3, 2008 

 









8.4    
 
 
 

Sierra Research Peer Review and 
Air Quality Memo,  
December 19, 2008 
 
And Attachment:  
2007 Gauderman Study. Effect of 
Exposure to Traffic on Lung 
Development from 10 to 18 Years of 
Age.  

 



PRIVILEGED AND CONFIDENTIAL - ATTORNEY WORK PRODUCT
PREPARED AT THE REQUEST OF COUNSEL

December 19, 2008

Memo to: Katherine Hess
Community Development Director
City of Davis

Mike McKeever
Executive Director
Sacramento Council of Governments

From: Gary Rubenstein
Eric Walther

Subject:

Introduction

sierra
research
1801 J Street
Sacramento, CA 95811
Tel: (916) 444-6666
Fax: (916) 444-8373

Ann Arbor, MI
Tel: (734) 761-6666
Fax: (734) 761-6755

The purpose of this memorandum is to provide a focused, independent peer review of the
air quality analysis performed by LSA for the New Harmony Project (Project).l In
addition to reviewing LSA's analysis, Sierra Research was asked to review a study of the
effect of freeway emissions on child lung development published in The Lancee and its
relevance to potential public health impacts on residents in the Project from the nearby 1­
80. Sierra Research was retained by the Sacramento Council of Governments (SACOG)
to conduct this analysis for the City of Davis.

The Project is a multi-family-unit residential development proposed by the Yolo Mutual
Housing Association and Sacramento Mutual Housing Association to be built in Davis,
California. Concerns have been raised that this residential development is proposed to be
located adjacent to, and closer than 500 feet from, Interstate 80 (1-80). In the context of
evaluating potential environmental impacts for the purpose of complying with the
California Environmental Quality Act, the Air Resources Board (ARB) recommends not
siting residences within 500 feet of a major roadway unless a health risk assessment

I LSA. Air Quality Analysis, Yolo Mutual Housing Association and Sacramento Mutual Housing
Association Project, June 2008.
2 Gauderman, W. James, Hita Vora, Rob McConnell, Kiros Behane, Frank Gilliland, Duncan Thomas,
Fred Lurmann, Edward Avol, Nino Kunzli, Michael Jerrett and John Peters. Effect ofexposure to traffic on
lung developmentfrom 10 to 18 years ofage: a cohort study, The Lancet, Volume 369, pages 571-577,
February 17,2007.



Katherine Hess and Mike McKeever -2- December 19, 2008 

shows that the maximum potential health impacts are acceptable.3  In particular, this 
proposed location for the Project has raised a concern over the potential health impacts on 
future residents from toxic air contaminants (TACs) emitted by the mobile sources 
traveling on the adjacent freeway.   
 
 
The LSA Air Quality Analysis 
 
LSA performed an air quality analysis of criteria pollutant and toxic air contaminant 
emissions generated by the project, and a health risk assessment (HRA) to evaluate 
potential health effects from I-80 TAC emissions on the project’s future residents.  LSA 
assessed the potential for adverse health impacts related to criteria pollutants such as 
ozone, carbon monoxide, nitrogen dioxide, and particulate matter, as well as cancer risk 
and non-cancer chronic and acute health hazards, all related to emissions from I-80 as 
they might impact residents of the development.  However, consistent with standard 
practice for analyses of this type, LSA did not address specific physiological health 
effects such as the potential reduction in lung growth development between the ages of 
10 and 18 studied in the Lancet article.  In conducting our peer review of the LSA 
analysis for the Environmental Impact Report (EIR), we have accepted, at face value, the 
specific numbers reported in LSA’s work.  We found nothing in our review to question 
these numbers (i.e., the LSA analysis results are generally consistent with the numerous 
similar studies that we have conducted), but we have not attempted to duplicate (on a 
quantitative level) their analysis.   
 
There are three elements to preparation of an air quality analysis and HRA for the EIR on 
a development project such as this: 
 

• An assessment of existing air quality (which includes emissions from I-80 and 
all other local and regional sources of emissions);  

• An analysis of the direct impacts of emissions associated with the 
development project itself, including an assessment of emissions associated 
with construction as well as emissions associated with operations; and 

• An assessment of the health impacts4 associated with mobile source emissions 
from I-80 on the proposed development.5  

 
LSA’s assessment addresses all three of these elements as discussed below. 
 
 

                                                 
3 ARB. Air Quality and Land Use Handbook: A Community Health Perspective, April 2005, 
http://www.arb.ca.gov/ch/handbook.pdf 
4 A standard health risk assessment includes computation of cancer risk, chronic non-cancer health hazard 
index, and acute non-cancer health hazard index.   
5 In addition to I-80, a rail line used by Union Pacific Rail Road and Amtrak, and a major east-west street, 
2nd Street, are located north of the project site.  These additional emission sources are located beyond I-80, 
and are expected to have emissions that are insignificant in comparison to the freeway in the context of 
potential impacts at the proposed development. 
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Existing Air Quality 
 
Assessments of the potential health impacts of criteria pollutant emissions (such as oxides 
of nitrogen or particulate matter) from projects are typically performed through a 
comparison with state and national ambient air quality standards.  Each state ambient air 
quality standard and national ambient air quality standard was promulgated by the State 
of California and the federal government, respectively, at a concentration level and 
averaging time that protects the public health of sensitive subpopulations (e.g., children 
and elderly) with a margin of safety, and accounts for all known health effects of each 
specified criteria pollutant. 
 
LSA’s air quality analysis presented a summary of local air quality data in Table C of its 
report.  These data were taken from the Air Resources Board’s UC Davis monitoring 
station, except for respirable particulate matter (PM10) and fine particulate matter (PM2.5) 
data that were taken from the nearest monitoring station for those pollutants, located in 
Woodland.  The UC Davis monitoring station is located off Campbell Road, near the 
northwest corner of the intersection of I-80 and State Route 113; given the prevailing 
wind directions in that area, this monitoring station would be expected to show ambient 
concentrations that are somewhat higher than those at the proposed project site.  The 
Woodland monitoring station is located on Gibson Road, southeast of the intersection of 
State Route 113 and I-5.  The use of these data by LSA to represent potential health 
impacts to residents would be representative, or health-conservative, as compared with 
data that might be collected at the proposed project site.   
 
Dr. Thomas Cahill provided additional PM2.5 and PM10 concentration measurements6 
made during a two-day transect across the City of Davis on December 22-23, 1994.  The 
PM2.5 concentrations were within the range of the maximum 24-hour concentrations of 
35-44 µg/m3 reported for 2004, 2005, and 2006 in Table C of the LSA air quality 
analysis, measured at the Gibson Road monitoring station in Woodland.  The PM10 
concentrations measured by Cahill (44.4-50.8 µg/m3) were substantially lower than the 
maximum 24-hour concentrations of 59-169 µg/m3 reported for the same years from the 
same (Woodland) monitoring station.  The more recent data presented in the LSA air 
quality analysis is likely to be more representative of (or conservatively higher than) 
current conditions in Davis as compared with Dr. Cahill’s data from 1994. 
 
The local ambient data indicate that air quality in the area is generally good, with no 
violations reported of state or federal ambient air quality standards during the last three 
years for carbon monoxide, PM2.5, nitrogen dioxide, or sulfur dioxide.  Consistent with, 
or better than, air quality levels reported for other communities in the lower Sacramento 
Valley, there are occasional exceedances of the state and federal air quality standards for 
ozone and PM10.  The exceedances of the state PM10 standard are particularly 
unremarkable, because this standard is exceeded throughout most of California, in both 
rural and urban areas.  None of the criteria pollutant7 data reported by LSA are indicative 
or suggestive of a pollution “hot spot,”8 but rather reflect typical, regional concentrations 
                                                 
6 Cahill, Thomas A. Davis New Harmony Project, Draft Informal Analysis, August 6, 2008.  
7 Ozone, carbon monoxide, nitrogen dioxide, sulfur dioxide, PM10 and PM2.5. 
8 An air quality “hot spot” is a location where ambient air quality levels are significantly higher than in 
surrounding areas as a result of a nearby concentrated source of emissions or localized topography that 
inhibits dispersion. 
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for the lower Sacramento Valley.  Consequently, we don’t believe that residents of the 
proposed development will be exposed to unusually high concentrations of the criteria 
pollutants that Gauderman et al associated with the decrease in lung function growth they 
observed.9 
 
 
Project Emissions and Impacts 
 
The LSA analysis of the project’s construction and operation emissions was performed 
using good engineering practice and complied with guidelines developed by the Yolo-
Solano Air Quality Management District (District).10  Because project operation does not 
generate substantial amounts of criteria pollutants (e.g., from residential heating with 
natural gas), the project would not cause exceedances of national and state ambient air 
quality standards, which protect public health as described in the previous section.     
 
 
I-80 Mobile Source Emissions and Impacts 
 
Although LSA’s Section 3.1.3 (“Local Air Quality”) mentions TACs, it would be helpful 
to also present the data that ARB publishes on the estimated cancer risk from the 
background levels in the Sacramento Valley Air Basin of the ten key TACs that it 
monitors.  The overall cancer risk in the Sacramento Valley Air Basin11 attributable to the 
ten key TACs, including Diesel particulate matter (DPM), was estimated to be 520 in one 
million in the year 2000.  LSA’s Section 3.1.7 (“Air Quality and Land Use Handbook”) 
presents ARB’s recommendations relative to placement of various land uses near major 
roadways; however, it is important to note that a site-specific HRA is recommended 
where a residential development is proposed to be closer than the recommended setback 
distance of 500 feet.  The LSA air quality analysis includes the recommended HRA.   
 
The HRA properly accounts for emissions of both DPM and gasoline TACs from I-80.  
The original LSA report included a maximum potential cancer risk of 16 in one million at 
the nearest point of the triangular project parcel located north of Cowell Boulevard 
because it is part of the property for the project site, but no development is currently 
proposed on it.  Because the final project design plans residential units only on the parcel 
south of Cowell Boulevard, the resulting HRA found that the maximum potential cancer 
risk to a resident of the Project would be 7.6 in one million at the Project’s nearest 
residential unit,12 and 9.0 in one million at the nearest (northerly) point of the south 
parcel.   
                                                 
9 This is not to dispute the conclusion by Gauderman et al that concentrations of pollutants in the near 
vicinity of freeways are higher than at locations more distant.  Rather, the concentrations that appear to be 
representative of the proposed project site do not appear to be in excess of the state and federal air quality 
standards for most pollutants, or in excess of regional levels for those pollutants where state or federal 
standards are exceeded. 
10 Yolo-Solano Air Quality Management District. Handbook for Assessing and Mitigating Air Quality 
Impacts. July 2007. 
11 ARB. 2008 California Almanac of Emissions and Air Quality, 
http://www.arb.ca.gov/aqd/almanac/almanac08/pdf/chap508.pdf. 
12 LSA. Health Risk Assessment Clarification for the New Harmony Project in the City of Davis, 
California, a memorandum from Ron Brugger of LSA to Wendy Carter, Sacramento Mutual Housing 
Association, November 24, 2008. 
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Overall, the maximum potential cancer risk of 9.0 in one million calculated by LSA 
appears to be a reasonable worst-case estimate for the nearest point of the project parcel 
containing the multi-family residential units, even though it does not reflect emissions 
from the rail line or Second Street (both north of I-80), and does not include decreases for 
residents spending most of their time indoors or living elsewhere during the assumed 70-
year lifetime.  This cancer risk is less than 2% of the background risk level estimated by 
ARB in the year 2000, and is well within the range of risks that we have observed lead 
agencies to find acceptable when reviewing proposed residential development projects 
located near to transportation facilities. 
 
LSA concludes that the actual cancer risk would be lower than the values they calculated 
because of the following observations: 
 

• The maximum potential cancer risk is based on the assumption that an individual 
is exposed to the outdoor air concentrations computed by the dispersion model for 
24 hours per day throughout a 70-year lifetime. 

 
• A resident occupies a specific residence an average of 9 years, and resides in the 

same general area an average of 30 years.13  Apartment dwellers who would 
reside in the proposed multi-family residential units occupy such residences a 
shorter period of time, averaging between 5 and 15 years. 

 
• People spend most of their time indoors, averaging 22.5 hours per day,14 not 

outdoors.  TAC levels indoors are typically one-third lower in residences and 
schools than outdoors, and almost one-half lower in offices than outdoors.15 

 
We concur in these qualifications to LSA’s analysis. 
 
The LSA air quality analysis notes that potential health impacts on project residents can 
be reduced further by upgrading the heating, ventilation, and air conditioning systems 
(HVAC) in  the residential units and by planting tall evergreen trees16 between the units 
and the major roadway.  LSA further indicates that it is not possible to quantify the 
benefits associated with these mitigation measures.  We concur with these conclusions as 
well. 
 
 
The Lancet Paper on the Lung Function Growth Reduction Study 
  
Concern over the location of the proposed project relative to the nearby major roadway 
has also been expressed because of findings reported in the British journal, The Lancet, 
                                                 
13 OEHHA.  Air Toxics Hot Spots Program Risk Assessment Guidelines: The Air Toxics Hot Spots Program 
Guidance Manual for Preparation of Health Risk Assessments, page 8-4, August 2003. 
14 California Environmental Protection Agency, CARB. Risk Reduction Plan to Reduce Particulate Matter 
Emissions from Diesel-Fueled Engines and Vehicles. October 2000. 
15 LSA report referencing Krieger, Robert K., D. Ames, J. Brooks, G. Shiroma, and P. Venturini. Report to 
the Air Resources Board on the Proposed Identification of Diesel Exhaust as a Toxic Air Contaminant, 
Part A, Exposure Assessment, April 22, 1998. 
16 The LSA report alludes to research at UC Davis, but does not provide literature citations. 
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regarding a study of lung development in youngsters between 10 and 18 years of age.  
The study started with 3,677 ten-year old children (and ended with 1,445 participants 
eight years later), who were divided into four groups based on the distance between their 
homes and a California freeway:  closer than 500 meters (m); between 500 and 1,000 m; 
between 1,000 and 1,500 m; and further than 1,500 m.  The study concluded that lung 
function growth, which occurs fastest in this age range, was reduced successively more in 
the children who lived in each distance subrange closer to a freeway compared to the 
reference group who lived more distant than 1,500 m (4,921 feet or 0.93 miles) from a 
freeway during this period of their lives.   
 
Unfortunately, the 95 percent confidence intervals around the mean reductions of the 
three respiratory parameters versus distance overlapped so heavily that the differences in 
reductions in lung function growth were mostly not statistically significant with a 
confidence level of 95%.17,18  This makes it difficult to apply the results of the study, on a 
quantitative level, to a conclusion that exposures to emissions from I-80 in residents of 
the New Harmony project would decrease lung function growth in children between 10 
and 18 years of age.  It also should be noted that the study considered the following three 
physical measures of lung function:  forced vital capacity, forced expiratory volume in 
one second, and maximum mid-expiratory flow rate.  None of these physical measures of 
lung function should be confused with lung cancer or any other respiratory disease. 
 
The study did not directly include measured concentrations of specific criteria pollutants 
or TACs, but noted the existence of other studies of pollution near freeways that 
considered nitrogen dioxide, ultrafine particulate matter,19 Diesel exhaust, and black or 
elemental carbon.  The Gauderman et al study of decreased lung function growth cannot 
be related to cancer risk or non-cancer chronic or acute health effects, which are the 
health impacts addressed in an HRA such as found in the LSA air quality analysis for the 
New Harmony Project.   
 
 
Conclusions 
 
In general, we believe that LSA’s analysis of potential health impacts to residents 
attributable to emissions from Interstate 80 is reasonable, conservative (health 
protective), and generally consistent with similar analyses we have seen and reviewed for 
projects similarly situated near to freeways in the lower Sacramento Valley.  This opinion 
applies to LSA’s conclusions regarding cancer and non-cancer impacts associated with 
TACs, and with more general health-related impacts as embodied within the state and 
national ambient air quality standards.  We do not believe that the Gauderman et al study 

                                                 
17 Stated in statistical terminology, the null hypothesis that the lung function growth difference between one 
of the specified distance intervals and the largest distance interval (> 1500 m) is zero (i.e., not different) 
cannot be rejected with 95% confidence for seven of the nine combinations of respiratory parameters and 
distances.  Only for the reduction of forced expiratory volume in one second and maximum mid-expiratory 
flow rate between children living closer than 500 m and those living further than 1,500 m can the null 
hypothesis be rejected; hence, there is 95% confidence that the difference is statistically significant only for 
those two measures of lung function growth. 
18 Weiss, Neil A. Elementary Statistics, Sixth Edition, Pearson/Addison Wesley, Boston, page 447, 2005. 
19 Ultrafine particles have nominal aerodynamic diameters less than or equal to 1 micron (PM1.0). 
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reported in The Lancet contains conclusions that are sufficiently statistically robust as to 
undermine or render inaccurate the conclusions in LSA’s work. 
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Eff ect of exposure to traffi  c on lung development from 10 to 

18 years of age: a cohort study

W James Gauderman, Hita Vora, Rob McConnell, Kiros Berhane, Frank Gilliland, Duncan Thomas, Fred Lurmann, Edward Avol, Nino Kunzli, 

Michael Jerrett, John Peters

Summary 
Background Whether local exposure to major roadways adversely aff ects lung-function growth during the period of 
rapid lung development that takes place between 10 and 18 years of age is unknown. This study investigated the 
association between residential exposure to traffi  c and 8-year lung-function growth.

Methods In this prospective study, 3677 children (mean age 10 years [SD 0·44]) participated from 12 southern 
California communities that represent a wide range in regional air quality. Children were followed up for 8 years, 
with yearly lung-function measurements recorded. For each child, we identifi ed several indicators of residential 
exposure to traffi  c from large roads. Regression analysis was used to establish whether 8-year growth in lung function 
was associated with local traffi  c exposure, and whether local traffi  c eff ects were independent of regional air quality. 

Findings Children who lived within 500 m of a freeway (motorway) had substantial defi cits in 8-year growth of forced 
expiratory volume in 1 s (FEV1, –81 mL, p=0·01 [95% CI –143 to –18]) and maximum midexpiratory fl ow rate (MMEF, 
–127 mL/s, p=0·03 [–243 to –11), compared with children who lived at least 1500 m from a freeway. Joint models 
showed that both local exposure to freeways and regional air pollution had detrimental, and independent, eff ects on 
lung-function growth. Pronounced defi cits in attained lung function at age 18 years were recorded for those living 
within 500 m of a freeway, with mean percent-predicted 97·0% for FEV1 (p=0·013, relative to >1500 m [95% CI 
94·6–99·4]) and 93·4% for MMEF (p=0·006 [95% CI 89·1–97·7]). 

Interpretation Local exposure to traffi  c on a freeway has adverse eff ects on children’s lung development, which are 
independent of regional air quality, and which could result in important defi cits in attained lung function in later life. 

Introduction
Both cross-sectional1–9 and longitudinal10–15 studies have 
shown that lung function in children is adversely aff ected 
by exposure to urban, regional air pollution. Evidence has 
emerged that local exposure to traffi  c is related to adverse 
respiratory eff ects in children, including increased rates 
of asthma and other respiratory diseases.16–28 Cross-
sectional studies in Europe have shown that defi cits in 
lung function are related to residential exposure to 
traffi  c.27,29–32 However, does traffi  c exposure have an adverse 
eff ect on lung-function development in children? The 
answer to this question is important in view of the extent 
of traffi  c exposure in urban environments and the 
established relation between diminished lung function in 
adulthood and morbidity and mortality.33–39 

We investigated the association between residential 
exposure to traffi  c and 8-year lung-function development 
on the basis of cohort data from the Children’s Health 
Study. We also studied the joint eff ects of local traffi  c 
exposure and regional air quality on children’s lung 
development. 

Methods
Participants
The Children’s Health Study recruited two cohorts of 
fourth-grade children (mean age 10 years [SD 0·44], one 
in 1993 (cohort 1, n=1718) and the other in 1996 (cohort 2, 
n=1959). All children were recruited from schools in 

12 southern California communities as part of an 
investigation into the long-term eff ects of air pollution 
on children’s respiratory health.7,14,40 A consistent protocol 
was used in all communities to identify schools, and all 
students targeted for study were invited to participate.40 
Overall, 82% (3677) of available students agreed to 
participate. Pulmonary-function data were obtained 
yearly by trained fi eld technicians, who travelled to study 
schools to undertake maximum eff ort spirometry on the 
children, using the same equipment and testing protocol  
throughout the study period. Details of the testing 
protocol have been previously reported.7,15 Children in 
both cohorts were followed up for 8 years. 

A baseline questionnaire, completed at study entry by 
each child’s parent or legal guardian, was used to obtain 
information on race, Hispanic ethnic origin, parental 
income and education, history of doctor-diagnosed 
asthma, in-utero exposure to maternal smoking, and 
household exposure to gas stoves, pets, and environmental 
tobacco smoke.40 A yearly questionnaire, with similar 
structure to that of the baseline questionnaire, was used 
to update information on asthma status, personal 
smoking, and exposure to environmental tobacco smoke. 
For statistical modelling, a three-category socioeconomic 
status variable was created on the basis of total household 
income and education of the parent or guardian who 
completed the questionnaire. High socioeconomic status 
(23% of children, n=823) was defi ned as a parental 
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income greater than US$100 000 per year, or an income 
over US$15 000 per year and at least 4 years of college 
education. The middle category (36%, n=1283) included 
children with a parental income between US$15 000 and 
US$100 000 and some (less than 4 years) college or 
technical school education, and low socioeconomic status 
(41%, n=1483) included all remaining children. 

The study protocol was approved by the institutional 
review board for human studies at the University of 
Southern California, and written consent was provided by 
a parent or legal guardian for every study participant. 

Exposure data
We characterised exposure of every study participant to 
traffi  c-related pollutants by two types of measures—
proximity of the child’s residence to the nearest freeway 
or to the nearest major non-freeway road, and model-
based estimates of traffi  c-related air pollution at the 
residence, derived from dispersion models that in-
corporated distance to roadways, vehicle counts, vehicle 
emission rates, and meteorological conditions.41 Regional 
air pollution was continuously monitored at one central 
site location within each study community over the course 
of the investigation. Further details of exposure 
assessment are available in the webappendix.

Statistical methods
The outcome data consisted of 22 686 pulmonary-function 
tests recorded from 3677 participants during 8 years in 
both cohorts. We focused on three pulmonary-function 
measures: forced vital capacity (FVC), forced expiratory 
volume in 1 s (FEV1), and maximum midexpiratory fl ow 
rate (MMEF, also known as FEF25-75). The exposures of 
primary interest were the traffi  c measures described 
above. 

We used a hierarchical mixed-eff ects model to relate 
8-year growth in each lung-function measure to traffi  c 
exposure, with basic structure that has been previously 
described.42 To account for the growth pattern in lung 
function during this period, we used a linear spline 
model,43 constructed so that 8-year growth in lung 
function was estimated jointly with other model 
parameters. We estimated and tested the eff ect of traffi  c 
exposure on 8-year growth, and in some analyses on 
mean lung function at 10 and 18 years of age. The model 
allowed for separate growth curves for each sex, race, 
ethnic origin, cohort, and baseline-asthma subgroup. The 
model also included adjustments for height, height 

squared, body-mass index (BMI), BMI squared, present 
asthma status, exercise or respiratory illness on the day of 
the test, any tobacco smoking by the child in the previous 
year, and indicator variables for fi eld technician. Random 
eff ects for the intercept and 8-year growth parameters 
were included at the level of participant and community. 

To keep the potential eff ect of outliers to a minimum 
and to examine possible non-linear exposure-response 
relations, we used categorical forms of each traffi  c 

indicator in our models. For distance to the freeway, we 
formed four categories—less than 500 m, 500–1000 m, 
1000–1500 m, and more than 1500 m. Distances to non-
freeway major roads were similarly categorised based on 
distances of 75 m, 150 m, and 300 m. Model-based 
estimates of pollution from freeways and non-freeways 
were categorised into quartiles on the basis of their 
respective distributions (see webappendix). The categories 
for all traffi  c indicators were fi xed before any health 
analyses were done. Traffi  c eff ects are reported as the 
diff erence in 8-year growth for each category relative to 
the least exposed category, so that negative estimates 
signify reduced lung-function growth with increased 
exposure. 

We also considered joint estimation of traffi  c eff ects 
within the community and pollution between 
communities, which was based on the long-term average 
pollutant concentrations measured at the central sites 
(see webappendix). Pollutant eff ects are reported as the 
diff erence in 8-year growth in lung function from the 
least to the most polluted community, with negative 
diff erences indicating growth defi cits with increased 
exposure. Possible modifi cation of a traffi  c eff ect by 
community-average ambient pollutant concentration was 
tested by inclusion of the appropriate interaction term in 
the model. 

To examine attained lung function, we computed 
percent-predicted lung function for participants who 
were measured in 12th grade, our last year of follow-up 
(n=1497, mean age 17·9 years [SD 0·41]). To estimate 
predicted FEV1 values, we fi rst fi tted a regression model 
for observed FEV1 (log transformed) with predictors log 
height, BMI, BMI squared, sex, asthma status, race or 
ethnic origin, fi eld technician, and sex-by-log height, sex-
by-BMI, sex-by-BMI squared, sex-by-asthma, and sex-by-
race or ethnic origin interactions. We calculated predicted 
FEV1 on the basis of this model and percent-predicted as 
observed divided by predicted FEV1. We used a regression 
model to calculate the mean percent-predicted value for 
each category of distance to the freeway, with adjustment 
for community. To aid in interpretation, we scaled 
percent-predicted values so that children who lived 
furthest (>1500 m) from a freeway had a mean of 100%, 
and we give means for the remaining distance groups 
relative to this benchmark. Analogous calculations were 
used to obtain the percent-predicted mean for FVC and 
MMEF. 

Regression procedures in SAS (version 9.0) were used 
to fi t all models. Associations denoted as signifi cant were 
those with a p value less than 0·05, assuming a two-sided 
alternative hypothesis.

Role of the funding source
The funding sources of this study had no role in the 
study design, collection, analysis, or interpretation of 
data, in the writing of the report, or in the decision to 
submit the paper for publication. The corresponding 

See Online for webappendix
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author had full access to all the data in the study and had 
fi nal responsibility for the decision to submit for 
publication.

Results
An average of 6·2 pulmonary function tests were done 
per child. There were equal proportions of male and 
female participants (webtable 1). Most children were of 
non-Hispanic white or Hispanic ethnic origin. 440 (12%) 
children lived within 500 m of a freeway, with most of 
these children residing in six of the 12 communities 
(webtable 2 and webfi gure). Model-based estimates of 
pollution from a freeway were skewed toward either high 
or low values within most study communities. 

8-year growth in FVC, FEV1, and MMEF averaged 
1512 mL, 1316 mL, and 1402 mL/s, respectively, in girls, 
and 2808 mL, 2406 mL, and 2476 mL/s, respectively, in 
boys. Closer residential distance to a freeway was 
associated with reduced growth in lung function (table 1). 
In children who lived within 500 m of a freeway, 8-year 
growth was signifi cantly reduced compared with those 
who lived at least 1500 m from a freeway. Large defi cits in 
FEV1 and MMEF growth were also estimated for the two 
highest-exposure quartiles of model-based pollution 
from a freeway, although neither defi cit was statistically 
signifi cant. Indicators of traffi  c from non-freeway roads, 
including both distance and model-based pollution 
estimates, were not associated with reduced growth. 

The association between FEV1 growth and distance to a 
freeway was signifi cant in various sensitivity analyses 
(table 2). Compared with the results shown in table 1 
(base model), distance-eff ect estimates were larger with 
additional adjustment for socioeconomic status. Further 
investigation showed that low socioeconomic status was 
associated with increased traffi  c exposure, with mean 
residential distance to freeways of 1·8 km (SD 1·32), 
2·0 km (1·65), and 2·5 km (1·91) for low, middle, and 
high groups respectively. However, socioeconomic status 
was not signifi cantly associated with FEV1 growth, and 
therefore adjustment for this variable induced only a 
modest change. Adjustment for indoor sources of air 
pollution including gas stoves, pets, and exposure to 
environmental tobacco smoke also resulted in little 
change in the estimated freeway-distance eff ects.

Signifi cant distance eff ects were seen in the subset of 
children who reported never having had asthma, and in 
the subset of children who reported no active tobacco 
smoking. The relation between FEV1 growth and distance 
was noticeably larger in boys than in girls, although a test 
of eff ect modifi cation by sex was non-signifi cant (p=0·10). 
Only six of the 12 communities had substantial numbers 
of children living within 500 m of a freeway. The estimated 
eff ects of freeway distance on lung development were 
more pronounced in these six higher-traffi  c communities 
than in the other communities. There was no signifi cant 
evidence of heterogeneity in the local distance eff ects in 
these six communities (data not shown). Furthermore, 

around 34% (1267) of children moved from their baseline 
residence during follow-up but remained in one of the 
12 study communities and thus continued to participate. 
If we omitted post-move lung-function measurements 
from the analysis, the estimated eff ects of freeway-distance 
on FEV1 growth were more pronounced. 

FVC (mL) diff erence 

(95% CI)

FEV1 (mL) diff erence 

(95% CI)

MMEF (mL/sec) 

diff erence (95% CI)

Freeway distance*

<500 m –63 (–131 to 5) –81 (–143 to –18) –127 (–243 to –11)

500–1000 m –31 (–93 to 32) –41 (–99 to 17) –35 (–142 to 73)

1000–1500 m –19 (–84 to 46) –33 (–93 to 26) –94 (–204 to 16)

Model-based pollution from freeway†

4th quartile (high) –66 (–186 to 54) –69 (–179 to 42) –147 (–352 to 58)

3rd quartile –61 (–151 to 29) –78 (–161 to 5) –144 (–298 to 9)

2nd quartile –27 (–90 to 36) –22 (–80 to 36) –37 (–144 to 71)

Non-freeway distance‡

<75 m 5 (–63 to 72) –35 (–97 to 27) –66 (–181 to 49)

75–150 m 4 (–59 to 68) 22 (–37 to 80) 35 (–74 to 144)

150–300 m –10 (–63 to 42) –8 (–56 to 40) –16 (–105 to 73)

Model-based pollution from non-freeway†

4th quartile (high) 13 (–70 to 96) 3 (–74 to 80) 2 (–140 to 144)

3rd quartile 42 (–27 to 111) 16 (–47 to 80) –23 (–141 to 95)

2nd quartile 6 (–54 to 66) 2 (–53 to 57) 11 (–91 to 113)

*Diff erence in 8-year lung-function growth relative to children living at least 1500 m from a freeway. †Diff erence in 

8-year lung-function growth relative to children in the fi rst (lowest) quartile of exposure. ‡Diff erence in 8-year 

lung-function growth relative to children living at least 300 m from a non-freeway road. 

Table 1: Association between 8-year lung-function growth and several indicators of residential traffi  c 

exposure 

Freeway distance (m)

<500 p 500–

1000

p 1000–

1500

p

Base model* –81 0·012 –41 0·165 –33 0·275

Additional covariates

Base+socioeconomic status –92 0·005 –50 0·092 –37 0·228

Base+gas stove in the home –86 0·008 –42 0·160 –33 0·281

Base+pets in the home –80 0·013 –41 0·165 –33 0·275

Base+in-utero exposure to maternal smoking –83 0·011 –33 0·269 –36 0·245

Base+second-hand smoke exposure –86 0·008 –41 0·163 –37 0·230

Subgroups 

Non-asthmatics only –83 0·025 –70 0·042 –61 0·091

Non-smokers only –99 0·006 –49 0·154 –48 0·182

Boys only –158 0·003 –54 0·264 –77 0·123

Girls only –12 0·750 –39 0·254 3 0·932

Six communities with closest freeway proximity† –105 0·003 –56 0·101 –40 0·260

Deleting observations after a residence change‡ –86 0·030 –73 0·042 –53 0·148

*Base model results are the same as those in table 1. All models include adjustment for the covariates listed in the 

Methods section. Values are the diff erence in 8–year FEV1 growth relative to those living >1500 m from a freeway. 

†Including only children from the six communities with the largest number of children living near a freeway (Riverside, 

Atascadero, Alpine, San Dimas, Long Beach, and Santa Maria). ‡Censoring any pulmonary function tests recorded after 

a participant left his or her baseline address.

Table 2: Sensitivity analysis of freeway-distance eff ects on 8-year FEV1 growth 

See Online for webtables 1 and 2 

and webfi gure
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Reduced lung-function growth was independently 
associated with both freeway distance and with regional 
air pollution (table 3). Statistically signifi cant joint models 
of regional pollution with distance to freeway were seen 
for nitrogen dioxide, acid vapour, elemental carbon, and 
particulate matter with aerodynamic diameter less than 
10 μm and less than 2·5 μm. Ozone was not associated 
with reduced lung-function growth. There was no 
signifi cant evidence of eff ect modifi cation (interaction) 
of local traffi  c eff ects with any of the regional pollutants. 

A subset of 1445 children were observed over the full 
8 years of the study, from age 10 to 18 years. In this group, 
we noted signifi cant defi cits in 8-year FEV1 growth and 
MMEF growth for those who lived within 500 m of a 
freeway (table 4). At 10 years of age, there was some 
evidence of reduced lung function for those who lived 
closer to a freeway than those who did not, although none 
of the diff erences between distance categories was 
statistically signifi cant. However, by 18 years of age, 
participants who lived closest to a freeway had 

substantially lower attained FEV1 and MMEF than those 
who lived at least 1500 m from a freeway. 

These defi cits in average FEV1 and MMEF translated 
into pronounced defi cits in percent-predicted lung 
function at 18 years of age (fi gure). There was a trend of 
lower percent-predicted lung function for children who 
lived closer to a freeway than for those who lived further 
away. The eff ect was most pronounced for those who 
lived less than 500 m from a freeway, with average 
percent predicted values of 97·0% (95% CI 94·6–99·4) 
for FEV1 (p=0·013 relative to >1500 m) and 93·4% 
(89·1–97·7) for MMEF (p=0·006). 

Discussion
This study shows that residential proximity to freeway 
traffi  c is associated with substantial defi cits in lung-
function development in children. 8-year increases in 
both FEV1 and MMEF were smaller for children who 
lived within 500 m of a freeway, than for those who 
lived at least 1500 m from a freeway. Freeway eff ects 
were seen in subsets of non-asthmatic and non-smoking 
participants, which is an indication that traffi  c exposure 
has adverse eff ects on otherwise healthy children. 
Defi cits in 8-year growth resulted in lower attained FEV1 
and MMEF at 18 years of age for participants who lived 
within 500 m of a freeway than for those who lived 
further away. Since lung development is nearly complete 
by age 18 years, an individual with a defi cit at this time 
will probably continue to have less than healthy lung 
function for the remainder of his or her life. 

We previously reported an association between 
community-average pollutant concentrations and 8-year 
lung-function growth.15 That result relied on com-
parisons in communities that had diff erent con-
centrations of regional air pollution, and implicated 
many pollutants such as nitrogen dioxide, acid vapour, 
particulate matter with aerodynamic diameter less than 
10 μm and 2·5 μm, and elemental carbon. Our present 
study builds on that result, and shows that in addition to 
regional pollution, local exposure to large roadways is 
associated with diminished lung-function development 

Regional pollutant eff ect* p Local freeway distance (m)

 <500 p 500–1000 p 1000–1500 p p for interaction†

1000–1800 h ozone –13 0·821 –81 0·012 –41 0·165 –33 0·275 0·51

Nitrogen dioxide –109 0·003 –80 0·012 –41 0·166 –33 0·279 0·81

Acid –111 0·002 –80 0·013 –41 0·164 –33 0·285 0·54

PM10 –111 0·013 –81 0·012 –42 0·158 –32 0·287 0·24

PM2·5 –100 0·009 –80 0·012 –41 0·160 –33 0·285 0·40

Elemental carbon –101 0·001 –80 0·012 –42 0·156 –33 0·282 0·63

*Pollutant eff ects are the diff erence in 8–year FEV1 growth from lowest to highest observed community–average concentration of the pollutant, specifi cally: per increase of 

37·5 ppb ozone (1000–1800 h), 34·6 ppb of nitrogen dioxide, 9·6 ppb of acid vapour, 51·4 μg/m3 of PM10, 22·8 μg/m3 of PM2·5, and 1·2 μg/m3 elemental carbon. Distance 

eff ects are the diff erence in 8–year growth relative to those living >1500 m from a freeway. † A test of whether freeway–distance eff ect is modifi ed by regional concentration 

of the pollutant. PM10=particulate matter <10 μm aerodynamic diameter, PM2·5=particulate matter <2·5 μm aerodynamic diameter.

Table 3: Joint eff ect of regional pollution and local distance to a freeway on 8-year FEV1 growth

Lung function 8–year growth

Age 10 years Age 18 years Diff erence* (95% CI)

Diff erence* (95% CI) Diff erence* (95% CI)

FVC Freeway distance

<500 m –17 ( –70 to 37) –85 (–192 to 22) –69 (–160 to 22)

500–1000 m –12 ( –61 to 37) –54 (–151 to 43) –42 (–125 to 41)

1000–1500 m –30 ( –80 to 21) –81 (–181 to 19) –52 (–137 to 33)

FEV1 Freeway distance

<500 m –23 ( –73 to 28) –121 (–219 to –23) –98 (–182 to –15)

500–1000 m –32 ( –78 to 14) –93 (–183 to –4) –61 (–137 to 15)

1000–1500 m –34 ( –81 to 14) –78 (–170 to 14) –44 (–122 to 34)

MMEF Freeway distance

<500 m –57 (–169 to 56) –230 (–432 to –28) –173 (–327 to –19)

500–1000 m –92 (–195 to 10) –105 (–289 to 79) –12 (–152 to 128)

1000–1500 m –45 (–150 to 60) –151 (–340 to 38) –106 (–250 to 38)

*Diff erence in 8–year lung function or growth relative to children living >1500 m from a freeway.

Table 4: Cumulative eff ect of residential distance in the 1445 children with full 8-year follow-up
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in children. We did not fi nd any evidence that traffi  c 
eff ects varied depending on background air quality, 
which suggests that even in an area with low regional 
pollution, children living near a major roadway are at 
increased risk of health eff ects. Our results also suggest 
that children who live close to a freeway in a high 
pollution area experience a combination of adverse 
developmental eff ects because of both local and regional 
pollution. 

We noted a larger freeway eff ect in boys than in girls, 
although the diff erence between sexes was not signifi cant. 
By contrast, a cross-sectional European study29 reported 
larger traffi  c eff ects on lung function in girls than in 
boys.29 Several factors could explain this discrepancy in 
sex-specifi c eff ects between studies, from diff erences in 
specifi c air pollution mixtures and underlying population 
susceptibilities, to the general diffi  culty of comparisons 
between longitudinal and cross-sectional study eff ect 
estimates. In general, however, both studies show that 
lung function in children is adversely aff ected by exposure 
to traffi  c. 

The concentrations of several pollutants are raised near 
major freeways. Daytime concentrations of black carbon, 
ultrafi ne particulate, and other exhaust pollutants have 
been reported to be high, but decline exponentially, within 
500 m of a freeway,44,45 although night-time concentrations 
of ultrafi ne particulate remain above background 
concentrations for distances greater than 500 m from a 
freeway.46 Some studies have reported increased traffi  c 
pollution, particularly nitrogen dioxide, at distances over 
1000 m from a freeway.16,47–49 Elemental carbon, an indicator 
of pollution from diesel exhaust, varies with nearby high-
traffi  c roads47,50,51 but can also be transported across large 
distances.52 Diesel exhaust is one of the primary 
contributors to particulate-matter concentrations in those 
communities most aff ected by traffi  c.53 A pollutant such 
as elemental carbon could explain our reported health 
eff ects both locally and regionally. 

Both regional ambient and ultrafi ne particulate matter 
present in high concentration in close proximity to 
roadways can elicit oxidative and nitrosative stress in the 
airways, which results in infl ammation.54,55 Kulkarni and 
co-workers32 reported that traffi  c-related particulate matter 
was correlated with the amount of carbon in the airway 
macrophages of children, which in turn was associated 
with reductions in FEV1, MMEF, and FVC. Chronic 
airway infl ammation could produce our reported defi cits 
in MMEF and FEV1. Additional research is needed to 
identify the specifi c traffi  c pollutants that bring about 
health eff ects, and to elucidate the contribution of each 
pollutant to regional and local associations. 

A strength of this study was the long-term, prospective 
follow-up of two large cohorts of children, with exposure 
and outcome data obtained consistently. However, as in 
any epidemiological study, our results could be 
confounded by one or more other factors related to both 
traffi  c and lung-function growth. Our results were robust 

to adjustment for several factors, including socioeconomic 
status and indoor sources of air pollution, but the 
possibility of confounding by other factors still exists. 
Throughout the 8-year follow-up, we noted around an 
11% loss of study participants per year. Participant 
attrition is a potential source of bias in cohort studies. We 
analysed the subset of children who were followed up for 
the full 8-year duration of the study and also noted 
signifi cant traffi  c-eff ect estimates, which make participant 
loss an unlikely explanation for our results. We did not 
note a signifi cant association between growth and model-
based pollution from a freeway, despite large estimated 
defi cits in the highest-exposure quartiles (table 1). 
However, we were restricted in detection of an association 
with model-based pollution from freeways because there 
was little variation in this measure within most of our 
study communities (webtable 2). 

We have shown that residential distance from a freeway 
is associated with signifi cant defi cits in 8-year respiratory 
growth, which result in important defi cits in lung 
function at age 18 years. This study adds to evidence that 
the present regulatory emphasis on regional air quality 
might need to be modifi ed to include consideration of 
local variation in air pollution. In many urban areas, 
population growth is forcing the construction of housing 
tracts and schools near to busy roadways, with the result 
that many children live and attend school in close 
proximity to major sources of air pollution. In view of 
the magnitude of the reported eff ects and the importance 
of lung function as a determinant of adult morbidity and 
mortality, reduction of exposure to traffi  c-related air 
pollutants could lead to substantial public-health 
benefi ts.
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August 24, 2008 
 
To:  Eric Lee, Planner 
 City of Davis 
 
From: Thomas A. Cahill, Professor 
 Physics and Atmospheric Sciences 
 
Re:  New Horizons 
 
 I have been asked by City of Davis to provide an independent overview of the sensitivity 
of the New Horizons Project to the impact on Interstate 80. 
 
 I have a long background in near roadway impact studies for the ARB (Los Angeles lead 
studies, 1972-1974), US EPA General Motors study (1978), and programs with Sacramento 
Metropolitan AQMD and the American Lung Association (ALA) and Breathe California of 
Sacramento Emigrant Trails (BC/SET) Watt Avenue studies, 2001 – 2008. I organized a US 
EPA Near Roadway impact meeting Davis, January, 2008, gave an invited talk the Air and 
Waste Management (AWMA) meeting in Portland on near roadway impacts, June, 2008. I am a 
co-author on an upcoming near roadway paper with the US EPA in AWMA’s Environmental 
Manager (fall, 2008). My CV with over 300 papers and reports is available for examination on 
my DELTA Group web site http://delta.ucdavis.edu along with some of the recent studies.    
 
 My analysis is that New Horizons is not heavily impacted by I-80 based on: 

1. distance of the New Horizons proposal from the nearest active traffic lane,  
2. favorable alignment with prevailing winds that makes the proposed project upwind of I-

80 in the prevailing spring, summer, and early fall wind patterns,  
  a. The major impact of I-80 is predicted in winter stagnation periods when New  
  Horizons is often downwind in weak, northerly winds and a strong inversion.  
3. Comparison with measured and modeled impacts near I-80 including a short study in 

summer, 1987, and the extensive American Lung Association (ALA) - Breathe California 
of Sacramento Emigrant Trails (BC/SET) study of December and January, 2001 - 2002. 

a. The summer tests showed an impact at the freeway edge of roughly 1.5 µg/m3 of 
PM2.5 mass (EPA annual average PM2.5 limit, 15 µg/m3, newly lowered 24 hr 
PM2.5 limit, 35 µg/m3.). No fall off transects were made, so the downwind impact 



 

at the closest proposed New Horizons residence is modeled by Emfac2007 (see 
Appendix A) to be  (0.4 x 1.5 µg/m3 = 0.6 µg/m3) 

b. The winter tests of December, 2001 – January, 2002 were made 150 ft south of 
Chiles road (180 ft south of right-of-way fence) just east of the USFS nursery, 
which showed essentially no difference ( < 1 µg/m3)  between the near I-80 site 
from aerosols taken either west of Davis or near the Sacramento River upwind of 
I-5 in 128 mass measurements made day and night in 16 24 hr periods of heavy 
haze and strong winter inversions. (Note; For comparison, that the same study in 
the same periods showed an enhancement of 14 µg/m3 300 ft directly downwind 
of I-5 in Sacramento on top of a 13 µg/m3 valley-wide pollution blanket rich in 
automotive, diesel, and wood smoke).  

 
 My analysis shows that these residual impacts can be further mitigated by the methods 
developed in our recent studies along Watt Avenue, which include: 

1. enhancements of sound, visual, and pollution barriers on the –I-90 right of way, similar to 
those that exist either in Fairfield in the Pleasant Valley subdivision just east of Fairfield 
and south of I-80, and on I-5 south of the W-X (Hwy 50) interchange (see photo in 
Appendix A),  

2. enhancement of vegetative barriers on the property, favoring non-deciduous trees that 
have been tested and shown to absorb diesel exhaust in out recent (May, 2008) study for 
Sacramento Metropolitan AQMD and BC/SET, (see Appendix A) and 

3. Improved air filtration within the dwellings, involving both inputs of outside air and 
recirculation within the units.  

 



 

Appendix A 
 
 Note that the data from Los Angeles are systematically enhanced by the prevailing 
oceanic inversion which traps highway pollutants close to the ground. Emfac2007 is the latest 
and EPA approved model. These data do not include the dramatic reduction possible with 
barriers and vegetation from out wind tunnel vegetation studies (5/2008) below. 
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 This is an example of an excellent pollution barrier on I-5 south of Sutterville road. The 
effect would be greatly enhanced if there were similar vegetation in the median strip. However, 
even the oleander hedge the I-80 median strip north of the proposed New Horizons helps.  
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Tom Cahill Additional  
Air Quality Memo  
November 1, 2008  

 



Additional information - New Harmony Proposal Air Quality 
 Tom Cahill, UC Davis,  Nov. 1, 2008 
 
Summary: 
 More detailed analysis of the orientation of the proposed New Harmony 
development indicates that the impact of Interstate – 80 is minor because in all 4 seasons 
of the year, the average wind is from the SSW, S, or SSE for January April, July, and 
October, 2007. http://www.weatherunderground.com). This makes New Harmony 
upwind of I-80 for almost all hours of the year. The three most important exceptions 
are: 

1. Occasional weak night winds from the north for a few hours in summer,  
2. Strong winds from the northwest, spring and fall, which have, however, excellent 

pollution dispersion that can be assisted by a vegetative barrier, and 
3. Winter stagnation periods with poor dispersion, again mitigated by vegetation. 

However, data from the winter of 2001/2002 at the USFS site east of Davis and about the 
same distance downwind as New Harmony shows little impact from I-80 as compared 
with the regional pollution background of the Sacramento Valley. (Cahill et al, 2003). 
 
 Even on those very limited periods when New Harmony is downwind of I-80, the 
summer night winds and weak northeast winds usually in extremely cold winter periods, 
the measured fall off from a summary of all lateral measurements (Zhu et al, 2002, Sac. 
Met. AQMD 2007) shows that even at 400 ft, the impacts are only slightly more that at 
500 ft.  
 In addition, prior and current data show a dramatic decrease can be achieved with 
a vegetative barrier, as shown in the “Lead 1973 cut section with trees” plot (Cahill et al, 
1973; Feeney at al, 1975), and for and at grade section with trees (Baldauf et al, 2008).  
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LSA Air Quality Analysis,  
June 2008 
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The federal and State ambient standards were developed independently with differing purposes and 
methods, although both processes aim to prevent health-related effects. As a result, the federal and 
State standards differ in some cases. In general, the State standards are more stringent. This is 
particularly true for ozone and particulate matter. 
 
The U.S. Environmental Protection Agency established new national air quality standards for ground-
level ozone and for fine particulate matter in 1997. The 1-hour ozone standard was phased out and 
replaced by an 8-hour standard of 0.08 ppm. Implementation of the 8-hour standard became effective 
in July 2005. New national standards for fine Particulate Matter (diameter 2.5 microns or less) were 
adopted for 24-hour and annual averaging periods.  
 
In addition to the criteria pollutants discussed above, Toxic Air Contaminants (TACs) are another 
group of pollutants of concern. TACs are injurious in small quantities and are regulated by the EPA 
and the ARB despite the absence of criteria documents. Some examples of TACs include: benzene, 
butadiene, formaldehyde, and hydrogen sulfide. The identification, regulation and monitoring of 
TACs is relatively recent compared to that for criteria pollutants. 
 
In 1998, ARB identified particulate matter from diesel-fueled engines as a toxic air contaminant. 
ARB has completed a risk management process that identified potential cancer risks for a range of 
activities using diesel-fueled engines.4 High volume freeways, stationary diesel engines, and facilities 
attracting heavy and constant diesel vehicle traffic (distribution centers, truck stops) were identified 
as having posing the highest risk to adjacent receptors. Other facilities associated with increased risk 
include warehouse distribution centers, large retail or industrial facilities, high volume transit centers 
or schools with a high volume of bus traffic. Health risks from TACs are a function of both 
concentration and duration of exposure. 
 
3.1.4 Current Air Quality 
 
The Yolo-Solano AQMD monitors air quality at several locations within their jurisdiction in the 
Sacramento Valley. The closest multi-pollutant monitoring site to the project site is located in Davis 
and its air quality trends are representative of the ambient air quality in the project area. The one 
pollutant known to occasionally exceed the State standard in the project area, ozone is a regional 
pollutant. Ozone is a regional pollutant and is not determined by proximity to individual sources, but 
show a relative uniformity over a region. Thus, the data shown in Table C for these pollutants provide 
a good characterization of levels of these pollutants within the project site. The monitored pollutants 
include CO, O3, PM10, PM2.5, NO2, and SO2. Table C summarizes exceedances of State and federal 
standards at this monitoring site during the period 2004 through 2006. 
 
The ambient air quality data in Table C show that CO, NO2, and SO2 levels are well below relevant 
State and federal standards. PM2.5 levels were consistently lower than standards. Ozone and PM10  

                                                      
4 California Air Resources Board, 2000. Risk Reduction Plan to Reduce Particulate Matter Emissions from 

Diesel-Fueled Engines and Vehicles. October. 
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Table C: Ambient Air Quality at the Davis Air Monitoring Station  
Pollutant Standard 2004 2005 2006 
Carbon Monoxide (CO) 
Maximum 1 hour concentration (ppm) 1.6 0.9 0.9 

State: > 20 ppm 0 0 0 Number of days exceeded: Federal: > 35 ppm 0 0 0 
Maximum 8 hour concentration (ppm) 1.0 0.7 0.5 

State: > 9 ppm 0 0 0 Number of days exceeded: Federal: > 9 ppm 0 0 0 
Ozone (O3) 
Maximum 1 hour concentration (ppm) 0.092 0.097 0.105 

Number of days exceeded: State: > 0.09 ppm 0 1 3 
Maximum 8 hour concentration (ppm) 0.075 0.080 0.094 

State: > 0.07 ppm 0 0 1 Number of days exceeded: Federal: > 0.08 ppm 0 0 1 
Coarse Particulates (PM10) (Woodland-Gibson Road closest monitoring station) 
Maximum 24 hour concentration (μg/m3) 169 59 77 

State: > 50 μg/m3 13 1 6 Number of days exceeded: 
Federal: > 150 μg/m3 1 0 0 

Annual arithmetic average concentration (μg/m3) 35 24 25 
State: > 20 μg/m3 Yes Yes Yes Exceeded for the year: 

Federal: > 50 μg/m3 No No No 
Fine Particulates (PM2.5) (Woodland-Gibson Road closest monitoring station) 
Maximum 24 hour concentration (μg/m3) 36 35 44 

Number of days exceeded: Federal: > 65 μg/m3 0 0 0 
Annual arithmetic average concentration (μg/m3) 10.4 8.4 9.3 

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

Nitrogen Dioxide (NO2) 
Maximum 1 hour concentration (ppm) 0.057 0.043 0.045 

Number of days exceeded: State: > 0.25 ppm 0 0 0 
Annual arithmetic average concentration (ppm) 0.009 0.009 0.009 

Exceeded for the year: Federal: > 0.053 ppm No No No 
Sulfur Dioxide (SO2) (Vallejo-Tuolumne Street closest monitoring station) 
Maximum 1 hour concentration (ppm) 0.016 0.011 0.016 

Number of days exceeded: State: > 0.25 ppm 0 0 0 
Maximum 3 hour concentration (ppm) 0.011 0.008 0.012 

Number of days exceeded: Federal: > 0.5 ppm 0 0 0 
Maximum 24 hour concentration (ppm) 0.005 0.005 0.004 

State: > 0.04 ppm 0 0 0 Number of days exceeded: Federal: > 0.14 ppm 0 0 0 
Annual arithmetic average concentration (ppm) 0.002 0.002 0.001 

Exceeded for the year: Federal: > 0.030 ppm No No No 
ppm = parts per million  μg/m3= micrograms per cubic meter 
Source: ARB and EPA 2007. 
 
 
levels occasionally exceeded State and federal standards during the last three years. The closest PM10 
and PM2.5 monitoring station is located in Woodland; the closest SO2 monitoring station is located in 
Vallejo. 
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3.1.5 Regional Air Quality Management Plan 
 
The 1994 Sacramento Regional Clean Air Plan was developed cooperatively with all the districts in 
the Sacramento Region (e.g., El Dorado APCD, Feather River AQMD, Placer County APCD, 
Sacramento Metropolitan AQMD, and Yolo-Solano AQMD). The Clean Air Plan was adopted in 
1994 in compliance with the 1990 Amendments to the Federal Clean Air Act.5 An update to the 
Clean Air Plan is in progress to address the new 8-hour ozone standard and the associated control 
strategies that would be required to meet the new standards. The Clean Air Plan is expected to be 
finalized by the end of 2008. 
 
 
3.1.6 Attainment Status.   
 
The federal Clean Air Act (CAA) and the California CAA of 1988 require that the State ARB, based 
on air quality monitoring data, designate portions of the State where the federal or State ambient air 
quality standards are not met as “nonattainment areas.” Because of the differences between the 
national and State standards, the designation of nonattainment areas is different under the federal and 
State legislation. Generally, the State standards for these pollutants are more stringent than the federal 
standards.  
 
The City of Davis is within the jurisdiction of the Yolo-Solano AQMD, which regulates air quality in 
the Yolo and portions of Solano Counties. Air quality conditions in the Yolo-Solano region have 
improved over the last 20 years. Ambient concentrations of air pollutants and the number of days 
during which the region exceeds air quality standards have fallen to an extent. The Attainment Status 
for the Yolo-Solano AQMD region is shown in Table D. 
 
Table D: Attainment Status for the Yolo-Solano Air Quality Management District 

Pollutant Federal Standards State Standards 

Ozone - 1 hour No Federal Standard Nonattainment 
Ozone - 8 hour Nonattainment Nonattainment 
PM10 Unclassified Nonattainment  
PM2.5 Unclassified N/A 
CO  Unclassified/Attainment Attainment 
NO2 Attainment Attainment 
Sulfur Dioxide Attainment Attainment 
Lead Attainment Attainment 

Hydrogen Sulfide *No Federal Standard Attainment 
Sulfates *No Federal Standard Attainment 

Visibility Reducing Particles *No Federal Standard Attainment 

Source: Yolo-Solano Air Quality Management District, April 2007. http://ysaqmd.omsoft.com/state-plans.php 
 
 
 
 
                                                      

5 Sacramento Metropolitan AQMD website: www.airqualtiy.org/cleanairplan/cleanairplan94.shtml 
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3.1.7 Air Quality and Land Use Handbook.  
 
The ARB has also developed an Air Quality and Land Use Handbook6 which is intended to serve as a 
general reference guide for evaluating and reducing air pollution impacts associated with new projects 
that go through the land use decision-making process. The ARB handbook recommends that planning 
agencies strongly consider proximity to these sources when finding new locations for "sensitive" land 
uses such as homes, medical facilities, daycare centers, schools and playgrounds.  
 
Air pollution sources of concern include freeways, rail yards, ports, refineries, distribution centers, 
chrome plating facilities, dry cleaners and large gasoline service stations. Key recommendations in 
the Handbook include taking steps to avoid siting new, sensitive land uses (including residences, day 
care centers, playgrounds or medical facilities):  

• Within 500 feet of a freeway, urban roads with 100,000 vehicles / day or rural roads with 50,000  
vehicles / day; 

• Within 1,000 feet of a major service and maintenance rail yard; 

• Immediately downwind of ports (in the most heavily impacted zones) and petroleum refineries; 

• Within 300 feet of any dry cleaning operation (for operations with two or more machines, provide 
500 feet); or 

• Within 300 feet of a large gas station (defined as a facility with a throughput of 3.6 million 
gallons per year or greater).  

 
The Handbook specifically states that these recommendations are advisory and acknowledges land 
use agencies have to balance other considerations, including housing and transportation needs, 
economic development priorities, and other quality of life issues. 

                                                      
6 California Air Resources Board, 2005. Air Quality and Land Use Handbook: A community Health Perspective.  

April. 
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4.0 METHODOLOGY AND THRESHOLDS 

4.1  METHODOLOGY 
Numerous air quality modeling tools are available to assess air quality impacts of projects; however, 
certain air districts such as the Yolo-Solano AQMD have created guidelines and requirements to 
conduct air quality analysis. The AQMD's document, Handbook for Assessing and Mitigating Air 
Quality Impacts7 was adhered to in the assessment of air quality impacts for the proposed project. 
The air quality model URBEMIS 2007 was used in this air quality assessment.  

                                                     

 
Operational Emissions.  The air quality assessment includes estimating emissions associated with 
short-term construction and long-term operation of the proposed project. Criteria pollutants with 
regional impacts would be emitted by stationary or area (direct) sources and mobile (indirect) sources 
associated with the proposed project. Long-term stationary or area sources emissions include 
electricity and natural gas usage. Long-term mobile sources emissions include vehicle trips associated 
with the proposed project. In addition, localized air quality impacts, i.e., higher carbon monoxide 
concentrations (CO hot spots) near intersections or roadway segments in the project vicinity would 
potentially occur due to project generated vehicle trips. 
 
The Urban Emission Model (URBEMIS 2007) computer program, which is the most current air 
quality model available in California for estimating emissions associated with land use development 
projects, was used to calculate long-term mobile source emissions associated with the proposed 
project.  Increases in long-term stationary emissions from natural gas and electricity use within the 
project site were also included in the calculation.   
 
The results from the URBEMIS 2007 model were used to determine the daily emission increase 
associated with project operational trip generation for reactive organic gases (ROG) and nitrogen 
oxides (NOx) (two precursors of ozone) and coarse particle matter (PM10).  The pollutant emissions 
and concentrations determine the significance and impact on regional and local 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 AQAP in order to comply with federal and State ambient air quality standards. 
 

Project Construction Emissions. Construction activities can generate a substantial amount of air 
pollution. In some cases, the emissions from construction represent the largest air quality impact 
associated with a project. Construction activities are considered temporary, however, short term 
impacts can contribute to exceedances of air quality standards. Construction activities include site 
preparation, earthmoving and general construction. The emissions generated from these common 
construction activities include fugitive dust from soil disturbance, fuel combustion from mobile 

 
7 Yolo-Solano Air Quality Management District, 2007. Handbook for Assessing and Mitigating Air Quality 

Impacts, July.  
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heavy-duty diesel and gasoline powered equipment, portable auxiliary equipment, and worker 
commute trips. URBEMIS 2007 was used to quantify PM10 emissions and NOx emissions.  
 
Toxic Air Contaminants.  The proposed project is located with 500 feet of I-80 and the ARB 
recommends avoiding siting new sensitive land uses within 500 feet of a freeway, urban roads with 
100,000 vehicles/day, or rural roads with 50,000 vehicles/day. Although the ARB makes a distance 
recommendation, it has not provided specific thresholds of significance for TACs. The AQMD 
therefore recommends that housing and other facilities accommodating sensitive receptors in new 
development projects located within the ARB recommended distance from the source categories are 
considered to be exposed to an elevated risk and further analysis should be conducted to estimate the 
health risk. To determine the health risk associated with locating sensitive receptors on the project site 
LSA conducted and analysis using the ARB health risk model, HARP, which includes the EPA 
dispersion model ISCST3. This model provides a detailed estimate of concentrations considering site 
and source geometry, source strength, distance to receptor, and site specific meteorological data. 
 
4.2 THRESHOLDS OF SIGNIFICANCE 
The project would affect air quality both during construction and operation. Operational impacts 
would be mainly indirect (related to vehicle trips generated by proposed land uses within the project 
site). The project would also result in an increase in traffic to the surrounding roadway network, 
which would affect air quality locally.  
 
This section analyzes the impacts related to air quality that could result from implementation of the 
project in Davis by the Sacramento Mutual Housing Association (SMHA) in coordination with the 
Yolo Mutual Housing Association (YMHA). This discussion begins with criteria of significance, 
which establish the thresholds for determining whether a project impact is significant. The latter part 
of this section presents the potential air quality impacts associated with the proposed project. 
Mitigation measures are provided as appropriate. 
 
The Yolo-Solano AQMD and the State CEQA Guidelines state that a project would normally have a 
significant adverse air quality impact if project-generated pollutant emissions would:  
 

a) Conflict with or obstruct implementation of the applicable air quality plan; 
b) Violate any air quality standard or contribute substantially to an existing or projected air 

quality violation; 
c) Result in a cumulatively considerable net increase of any criteria pollutant for which the 

project is non-attainment under applicable federal or state ambient air quality standards 
(including releasing emissions which exceed quantitative thresholds for ozone 
precursors); 

d) Expose sensitive receptors to substantial pollutant concentrations; or 
e) Create objectionable odors affecting a substantial number of people. 

 
The Yolo-Solano AQMD defines sensitive receptors as facilities where sensitive population groups 
(children, elderly, acutely and/or chronically ill) are likely to be located. These land uses include 
residences, schools, playgrounds, child care centers, retirement homes, convalescent homes, hospitals, 
and medical clinics 
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Air pollutant emissions associated with the project would occur over the short term from construction, 
such as fugitive dust from grading, site preparation, and equipment exhaust. Long-term emissions 
would result from the occupation and use of the proposed land uses. There would be long-term 
emissions with regional effects associated with project related vehicular trips and long-term emissions 
with local impacts associated with congested intersections or roadway segments. In addition, long-
term stationary source emissions would occur due to energy consumption such as natural gas and 
electricity usage by the proposed land uses. Feasible mitigation measures are required whenever a 
significant impact is identified to minimize the amount of pollutants emitted. 
 
Project operational emissions refer to the pollutants generated by the stationary area (direct) sources 
and mobile (indirect) sources. Stationary sources include electricity and natural gas consumption; 
mobile sources are the motor vehicles traveling to and from the development. These sources 
contribute to the deterioration of air quality and potentially prevent the region from achieving 
compliance of Air Quality Standards. Pollutant thresholds are created to determine the significance of 
a project's impact on air quality.  The thresholds of significance from operational, mobile sources and 
construction phases as defined by the Yolo-Solano AQMD are as follows: 10 tons per year ROG, 10 
tons per year of NOx, and 80 pounds per day of PM10. Projects in the region with related emissions 
that exceed any of the emission thresholds are considered significant by the Yolo-Solano AQMD.  
 
The significance of localized project impacts 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 significant impacts if project emissions result in an 
exceedance of one or more of these standards. California standards for CO are as follows: 20.0 ppm 
for 1-hour and 9.0 ppm for 8-hours. 
 
According to the Yolo-Solano AQMD’s Air Quality Handbook, Development projects are considered 
cumulatively significant if project emissions (ROG, NOx or PM10) are individually significant. CO 
impacts are cumulatively significant when modeling shows that the combined emissions from the 
project and other existing and planned projects (i.e., background concentration) will exceed air 
quality standards. 
 
Projects meeting the above criteria are considered to have a significant adverse incremental effect on 
the region’s ability to attain air quality standards. Air emission projections, attainment planning and 
related programs are based on growth levels and distributions reflected in local planning documents. 
Changes in land use the result in emissions greater than anticipated incrementally add to on overall 
increase in the pollutant load.8  
 

 Threshold for Toxic Air Pollutants.  Proposed development projects that have the potential to 
expose the public to TACs from stationary sources in excess of the following thresholds would be 
considered to have a significant air quality impact. These thresholds are based on the Yolo-Solano 
AQMD’s Risk Management Policy.  

• Probability of contracting cancer for the Maximally Exposed Individual (MEI) equals to 10 in one 
million or more; and 

                                                      
8 Ibid.  
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• Ground-level concentrations of non-carcinogenic toxic air contaminants would result in a Hazard 
Index equal to 1 for the MEI or greater. 

While the AQMD’s Risk Management Policy provides a basis for a threshold for TACs from 
stationary sources, this policy does not cover TACs from mobile sources. The District has no 
permitting or other regulatory authority over mobile sources. There currently is no specific mobile 
source TAC threshold. 9 
 

                                                      
9 Ibid. 



 

5.0 IMPACTS AND MITIGATION MEASURES 

5.1 IMPACTS OF THE PROPOSED PROJECT 
 
5.1.1 Short Term Impacts 
 
Air quality impacts would occur during the construction of the project. Air pollutant emissions 
associated with the project would occur over the short-term from construction activities, such as 
fugitive dust from site preparation, grading and emissions from equipment exhaust and architectural 
coatings. 
 
Construction Emissions. The URBEMIS 2007 model was used 
to estimate construction emissions for the proposed project. 
Model assumptions assumed that project construction would 
start February of 2008 and would have duration of 11 months. 
Results of the model are shown in Table E. Under this scenario, 
unmitigated project dust emissions during grading would not 
exceed the Yolo-Solano AQMD’s significance threshold for 
criteria pollutants. Although the project does not exceed the 
significance criteria, the AQMD recommends implementation 
of best management practices to reduce dust emissions and 
avoid localized health impacts.  

Table E: Project Construction Emissions 
in Tons Per Year 

 

Reactive
Organic

Gases 
Nitrogen
Oxides PM10 

Office Development 
2008 Emissions 0.73 2.01 19.33
Apartment Development 
2008 Emissions 0.87 2.34 25.03
Yolo-Solano AQMD 
Significance Threshold 10  10 80 

Exceed? No No No 
Source: LSA Associates, Inc., 2007. 

Construction Toxic Risk Impacts. The only toxic air pollution emissions of potentially significant 
quantity would be those associated with the construction of the proposed project from large, heavy-
duty diesel-powered equipment exhaust. The Office of Environmental Health Hazard Assessment 
(OEHHA) currently describes the health risk from diesel exhaust entirely in terms of the amount of 
particulate, or PM10, that is emitted. Currently, the health risk associated with diesel exhaust PM10 as  
a carcinogenic and chronic effect. Short term exposure of high concentrations of diesel PM10 can 
cause temporary eye, nose and throat irritation, headaches. The construction period of the project lasts 
only a short time, relative to the length of time required for carcinogenic and chronic health impacts. 
Additionally, sensitive receptors are not located in the immediate vicinity of project construction. 
Therefore the health risk associated with construction emissions would be less than significant. 
 
5.1.2 Long-Term Impacts 
 
Long-term operational emissions occur consistently over the life of the project. Operational emissions 
are generated by the project by stationary sources, area sources and mobile sources. The total amount 
of these sources of emissions make up the operational impact of the proposed project.  
 
Carbon Monoxide Effects of Traffic. Vehicular trips associated with the proposed project would 
contribute to the congestion at intersections and along roadway segments in the project vicinity.  
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The primary mobile source pollutant of local concern is CO. Carbon monoxide concentration is a 
direct function of vehicle idling time and, thus, traffic flow conditions. Carbon monoxide disperses 
rapidly with distance from the source under normal meteorological conditions. However, under 
certain extreme meteorological conditions, CO concentrations proximate to a congested roadway or 
intersection may reach unhealthful levels, affecting local sensitive receptors (residents, school 
children, elderly, 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 concentration, modeling of CO concentrations is 
recommended in determining a project's effect on local CO levels. 
 
 
A traffic impact analysis for the proposed project by KD Anderson & Associates, Inc.10 The traffic 
report indicates that all intersections the project vicinity would operate at level of service D or better 
in the future year plus project conditions. Based on the CO screening procedures outlined in the 
YSAQMD’s handbook, the project would not reduce the level of service to an unacceptable LOS (E 
or F) and would not worsen an already existing peak-hour LOS F on one or more streets or 
intersections. Therefore the project would not have the potential to create a violation of the CO 
standard.  
 
High CO concentrations from traffic along the portion of I-80 adjacent to the project site would only 
occur under extreme conditions that result in traffic idling on the highway. Quantification of such 
risks is not possible. Given the low volume of trips that the proposed project is expected to generate 
and the low background CO concentrations, CO impacts are not anticipated.  
 
Objectionable Odors. Heavy-duty equipment in the project area during construction would emit 
odors. However, the construction activity would be short-term and would cease to occur after 
construction is completed. No other sources of objectionable odors have been identified for the 
proposed project. No mitigation measures are recommended. 
 
Toxic Air Contaminants.  The proposed project is not expected to generate any TACs that would 
result in significant air quality impacts. However, the proposed project would construct residential 
units adjacent to I-80. The traffic on the freeway, as well as local streets, includes both diesel-
powered vehicles which emit diesel particulate and gasoline-powered vehicles which emit a number 
of TACs collectively contained in the reactive organic gases (ROG) emissions, all of which the 
California’s Office of Environmental Health Hazard Assessment (OEHHA) has determined pose 
cancer risks and may cause other health problems to future residents of the proposed project.  
 
There are currently no federal project-level requirements for air toxics analysis, and CEQA only 
requires a consideration of the risks from toxics. The Yolo-Solano AQMD has a toxic air contaminant 
threshold for development projects that have the potential to expose the public to TACs from 
stationary sources in excess of the thresholds established in the District’s Risk Management Policy. 
While the District’s Risk Management Policy provides a basis for a threshold for TACs from 
stationary sources, this policy does not cover TACs from mobile sources. Therefore, the project is not 
subject to a significance threshold for mobile source toxic emissions such as those from vehicle 

                                                      
10 KD Anderson & Associates, Inc. 2008 Traffic Impact Analysis for New Harmony Communtiy Residential Project. 

April. 
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emissions from I-80. The District has no permitting or other regulatory authority over mobile sources, 
such as vehicle emissions.11  
 
The project is located within 500 feet of I-80, therefore the increased risk associated with exposure to 
freeway emissions was evaluated. LSA Associates, Inc. completed a health risk analysis for the 
proposed YMHA/SMHA project to assess the potential risk to future residents at the project site from 
emissions generated by freeway traffic. The analysis considered specific meteorological conditions on 
the project site and the proximity of the project site to the roadways. The following discussion 
provides the technical background information used to determine the health risk to future residents of 
the project site.  
 
General Health Risks of Toxics. Determining how hazardous a substance is depends on many factors, 
including the amount of the substance in the air, how it enters the body, how long the exposure lasts, 
and what organs in the body are affected. One major way substances enter the body is through 
inhalation of either gases or particulates. Diesel engine emissions contain both gases and very small 
particles that penetrate deeply into the lungs, contributing to a range of health problems. California’s 
OEHHA has determined that long-term exposure to diesel exhaust particulates poses the highest 
cancer risk of any toxic air contaminant it has evaluated. Exposure to diesel PM can result in an 
increased risk of cancer and an increase in chronic noncancer health effects including a greater 
incidence of cough, labored breathing, chest tightness, wheezing and bronchitis.12 
 
Fortunately, improvements to diesel fuel and diesel engines have already reduced emissions of some 
of the contaminants. As noted in the Yolo-Solano AQMD’s Handbook, the ARB is currently in the 
process of implementing the control measure phase of the diesel PM program. During this phase, 
specific statewide regulations designed to further reduce diesel PM emissions from diesel-fueled 
engines and vehicles will be evaluated and developed. The goal of each regulation is to make diesel 
engines as clean as possible by establishing state-of-the-art technology requirements or emission 
standards to reduce diesel PM emissions. When federal and State diesel PM regulations and programs 
are fully implemented, the human health risks related to diesel exhaust emissions are expected to 
significantly decrease.13 
 
Analysis of Site Specific Toxics. According to California Air Resources Board (ARB),14 when 
conducting a health risk assessment (HRA), the surrogate for whole diesel exhaust is diesel 
particulate matter, which is used as the basis for the potential risk calculations. When conducting an 
HRA, the potential cancer risk from inhalation exposure to diesel PM will outweigh the potential 
noncancer health impacts. Therefore, inhalation cancer risk is required for every HRA. When 
comparing whole diesel exhaust to speciated diesel exhaust (e.g., polynuclear aromatic hydrocarbons, 
metals), potential cancer risk from inhalation exposure to whole diesel exhaust will outweigh the 
multipathway cancer risk from the speciated components. For this reason, there will be few situations 
where an analysis of multipathway risk is necessary.15 
                                                      

11 Yolo-Soloano AQMD, op.cit.. 
12 Ibid.  

13 Ibid. 
14 Air Resources Board, 2005. http://www.arb.ca.gov/toxics/harp/docs/userguide/appendixK.pdf 
15 OEHHA. 2003. Air Toxics Hot Spots Program Risk Assessment Guidelines, Appendix D, Risk Assessment 

Procedures to Evaluate Particulate Emissions from Diesel-Fueled Vehicles, Section B. August. 
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To estimate the potential cancer risk associated with TAC emissions, a dispersion model is used to 
translate an emission rate from a source location to a concentration at a receptor location of interest. 
Dispersion modeling varies from the simpler, more conservative screening-level analysis to the more 
complex and refined detailed analysis. This assessment, which falls into the latter category, was 
conducted using the ARB health risk model, HARP, which includes the EPA dispersion model 
ISCST3. This model provides a detailed estimate of concentrations considering site and source 
geometry, source strength, distance to receptor, and site specific meteorological data. 
 
Emission Estimates. This HRA was conducted as recommended in the OEHHA Guidelines and by the 
ARB (HARP Model Documentation, Appendix K, Risk Assessment Procedures to Evaluate 
Particulate Emissions from Diesel-Fueled Engines, ARB, Feb 2005). It consists of several steps 
including: 
 

1) Determining the PM10 emission factor. 
2) Determining the PM10 emission rate. 
3) Determining the PM10 concentration at location(s) of interest. 
4) Translating the PM10 concentration(s) to health risk values. 
5) Comparing the health risk values to thresholds and determining significance. 

 
The PM10 and ROG emission factors were determined by using the ARB model, EMFAC2007, for 
the year 2008. Existing year emission factors for use in the HRA were recommended by OEHHA, 
however, this emission factor does not account for the anticipated technological improvements that 
would occur over the 70 year period of the analysis.    
 
For purposes of this analysis, all vehicle exhaust was modeled as area sources from sources located 
along the nearby freeway. These extend approximately 1/4 mile from the edge of the proposed project 
site in both directions. The PM10 and ROG emission rates were determined by using Caltrans traffic 
data for I-80.16 Table F shows the derivation of the emission rates. It shows the total average daily 
traffic (AADT) for the I-80 as well as the average speeds in the first column. The AADT is divided 
 
Table F: Emission Rates 

Hwy I-80 AADT by Vehicle Category Number Emission Rates  per source 
  LDA LDT MDT HDT of g/s/m2 lb/hr/m2 lb/yr/m2 

Total 118,599 3,252 1,255 6,894 Sources       
AADT % of Vehicles That Are Diesel-Powered        
130,000 0% 20.0% 70.0% 87.5%        

  Diesel Exhaust PM10 Emissions at 60 mph (g/s)        
  0 5.33E-06 7.19E-06 1.69E-03 16 1.06E-04 8.42E-04 7.38 

Average % of Vehicles That Are Gasoline-Powered     
Speed 100% 80.0% 30.0% 12.5%        

60 mph Gasoline Exhaust ROG Emissions at 60 mph (g/s)     
  8.38E-03 2.45E-04 3.33E-05 3.89E-04 16 5.65E-04 4.49E-03 3.93E+01 

Source: LSA Associates, Inc., June 2008. 
 
 

                                                      
16 Caltrans web site: http://www.dot.ca.gov/hq/traffops/saferesr/trafdata/, on 11/27/07 
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into four vehicle type categories: light duty autos (LDA), light duty trucks (LDT), medium duty 
trucks (MDT), and heavy duty trucks (HDT) and show the total emissions for that volume of vehicles 
at the average speed. The right three columns then total the vehicle emissions, divide by the number 
of modeling sources for the roadway and convert units for input into the model. For the purpose of 
this assessment, it is assumed that the traffic volumes are constant throughout the year. 
 
To determine the emission rates of the TACs within the ROG emissions, gasoline vehicle exhaust 
speciation data17 from the ARB was used. Table G shows the data used. 
 
Table G: Gasoline Exhaust Speciation 

CAS Number Chemical Name Weight Fraction 
106990 1,3-butadiene 0.00775 
71432 Benzene 0.04136 
100414 ethylbenzene 0.01422 
91203 naphthalene 0.00308 
115071 propylene 0.04254998 
100425 Styrene 0.00308 
108883 Toluene 0.07247 
95476 m & p-xylene 0.05467999 

Source: ARB, November 2007. 
 
Receptors were placed in a general grid extending in all directions to characterize the risk level 
isopleths and at locations of future residences. Meteorological data from the Sacramento Executive 18 
were used to represent the conditions at the project site. The model input and output sheets including 
the model grid and isopleths results are attached. Portions of the ISCST3 output file showing all 
model inputs and important outputs is attached. Also attached is the HARP model output listing the 
modeled health risks for all receptors. 
 
Acute Emission Impacts. Exposure to diesel exhaust can have immediate health effects. Diesel 
exhaust can irritate the eyes, nose, throat, and lungs, and it can cause coughs, headaches, 
lightheadedness, and nausea. In studies with human volunteers, diesel exhaust particles made people 
with allergies more susceptible to the materials to which they are allergic, such as dust and pollen. 
Exposure to diesel exhaust also causes inflammation in the lungs, which may aggravate chronic 
respiratory symptoms and increase the frequency or intensity of asthma attacks. However, according 
to the rulemaking on Identifying Particulate Emissions from Diesel-Fueled Engines as a Toxic Air 
Contaminant (ARB 1998), the available data from studies of humans exposed to diesel exhaust are 
not sufficient for deriving an acute noncancer health risk guidance value. While the lung is a major 
target organ for diesel exhaust, studies of the gross respiratory effects of diesel exhaust in exposed 
workers have not provided sufficient exposure information to establish a short-term noncancer health 
risk guidance value for respiratory effects. The maximum acute hazard index is 2.6x10-4. 
 

                                                      
17 ARB web site, http://arb.ca.gov/ei/speciate/speciate.htm, on 9/13/07 
18 Downloaded from the ARB web site, http://www.arb.ca.gov/toxics/harp/metfiles.htm, on 11/27/07. 
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Carcinogenic and Chronic Impacts.  The 
results of the health risk assessment are shown 
in Table H. Results of the analysis indicate 
that the maximum exposed individual (MEI) 
inhalation cancer risk associated with living at 
the proposed development for 70 years would 
be exposed to an inhalation cancer risk of 16 
in 1 million. The maximum chronic hazard 
index is 0.010. 
 
The carcinogenic isopleths contour lines prepared for this analysis indicate that prevailing winds are 
favorable for the project site with a greater dispersion of vehicle emissions occurring north of the 
project site. The counter lines are shown in Appendix C.  
 
Health Risk Assessment Conclusions.  The exposure risk indicated in Table H only includes exposure 
to emissions from freeway traffic near the project site. As shown in Table H, a 70-year outdoor 
exposure of freeway emissions at the proposed residential units on the project site would result in a 
maximum exposure to future residents at a risk level of 16 in 1 million. The HRA results indicate an 
exposure risk that would only slightly increase the health risk so it is unlikely that future residents of 
the project site would be exposed to a health risk which would be substantially greater than the 
average Californian. (The average cancer risk statewide from exposure to diesel PM is estimated to be 
over 500 in 1 million.19) 
 
The OEHHA analysis methodology requires that the modeling assumptions include individual 
inhalation of 100 percent outdoor air at that location for 70 years while residing outside the residence 
350 days of every year for 24-hours each day and does not account for future improvements to 
vehicle emissions that are planned for over the next 20 years.  
 
This exposure estimate likely overstates the potential increased health risk for residents because 
typically the average apartment rental duration is 5 to 15 years, not 70 years. Additionally, the model 
assumes outdoor exposure 24 hours a day, while exposure rates for an indoor/outdoor combination 
would be much lower. A report to the Air Resources Board in 1998 acknowledges that people spend a 
majority of time indoors (for example, the report to the ARB estimates the average individual spends 
22.5 hours per day indoors.20), and that to accurately estimate the population’s exposure to toxic air 
pollutants, risk assessors must consider the amount of time people spend in different environments. 
The report found that toxic air concentrations were more than one third less in residences and schools, 
and almost one half less in offices as compared to outdoor areas.21 Because individuals spend most of 
their time indoors, the addition of an upgraded HVAC system could significantly improve indoor air 
quality in the dwelling units on the project site and further reduce the potential for any increased 
health risk.   

                                                      
19 California Environmental Protection Agency, CARB, 2000. Risk Reduction Plan to Reduce Particulate Matter 

Emissions from Diesel-Fueled Engines and Vehicles. October. 
20 Ibid. 
21 Krieger, Robert K., D. Ames, J. Brooks, G. Shiroma, and P. Venturini, 1998. Report to the Air Resources Board 

on the Proposed Identification of Diesel Exhaust as a Toxic Air Contaminant, Part A, Exposure Assessment. April 22. 

Table H: Inhalation Health Risks from Vehicle Sources 
on I-80. 

 

Carcinogenic 
Inhalation 

Health Risk 

Chronic 
Inhalation 

Health Index 

Acute 
Inhalation 

Health Index 
MEI onsite  16 in 1 million 0.010 2.6x10-4 

Source: LSA Associates, Inc., June 2008. 
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The proposed project would also install trees and other vegetation along the property line adjacent to 
the freeway. UC Davis research has found that tall evergreens planted in rows filter toxic auto exhaust 
and disperse it. The research shows that trees removed 65 percent to 85 percent of particle pollutants 
according to test results. The addition of this landscaping on the project site would further reduce any 
increased risk due to freeway exhaust emissions.  
 
Regional Air Quality Impacts. Long-term air emission impacts are those associated with stationary 
sources and mobile sources involving any change related to the proposed project. Stationary source 
emissions result from the consumption of natural gas and electricity. Mobile source emissions result 
from vehicle trips generated by the project and therefore result in air pollutant emissions affecting the 
entire Sacramento Valley Air Basin. Regional emissions associated with project’s mobile sources 
were calculated using the URBEMIS 2007 model. Two model runs were performed to individually 
obtain emission estimates for each land use type. Winter emissions of PM10 were higher than summer 
emissions; therefore, winter emissions in lbs/day are shown in Table I. Appendix B contains model 
worksheets. 
 
The incremental daily emission increase associated 
with the project is identified in Table I for reactive 
organic gases (ROG) and nitrogen oxides (NOx) 
(two precursors of ozone) and coarse particulate 
matter (PM10). The Yolo-Solano AQMD has 
established thresholds of significance for ozone 
precursors at 10 tons per year and fugitive dust of 
80 pounds per day. The emissions associated with 
the project would be not be considered significant. 
No mitigation would be required. 

Table I: Project Regional Emissions  

 

Reactive 
Organic 
Gases 

(tons/year) 

Nitrogen 
Oxides 

(tons/yea
r) 

PM10 
(lbs/d

ay) 
Office Emissions 1.47 2.23 11.45
Apartment Emissions 1.88 1.50 16.62
Yolo-Solano AQMD 
Significance Threshold 10.0 10.0 80.0 
Exceed? No No No 

Source: LSA Associates, Inc., 2007. 

 
Cumulative Air Quality Impacts. A number of individual projects in the City will be under 
construction simultaneously with the proposed project. Depending on construction schedules and 
actual implementation of projects in the area, generation of fugitive dust and pollutant emissions 
during construction may result in substantial short-term increases in air pollutants. Implementation of 
best management practices would be required to reduce cumulative construction impacts to a less 
than significant level.  
 
The AQMD considers projects that are considered individually less than significant to be 
cumulatively less than significant. Therefore, the proposed project would not have a significant 
umulative impact on air quality. c

  
Projects, Criteria Pollutants and Public Health. Despite great progress in air quality improvement, 
approximately 146 million people nationwide lived in counties with pollution levels above the 
national standards in 2002. Out of the 230 nonattainment areas identified during the 1990 Clean Air 
Act Amendment designation process, 124 areas remain under nonattainment status or designation 
today. In these nonattainment areas, however, the severity of air pollution episodes has decreased. Air 
quality in the Sacramento Valley Air Basin in the past 20 years has improved steadily and 
dramatically, even with the tremendous increase in population and vehicles and other sources. 
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As shown in Table A, long-term exposure to elevated levels of criteria pollutants could result in 
potential health effects. However, as stated in the thresholds of significance, emission thresholds 
established by the air district are used to manage total regional emissions within an air basin, based on 
the air basin attainment status for criteria pollutants. These emission thresholds were established for 
individual projects that would contribute to regional emissions and pollutant concentrations that may 
affect or delay the projected attainment target year for certain criteria pollutants.  
 
Because of the conservative nature of the thresholds and the basin-wide context of individual project 
emissions, there is no direct correlation of a single project to localized health effects. One individual 
project having emissions exceeding a threshold does not necessarily result in adverse health effects 
for residents in the project vicinity. This condition is especially true when the criteria pollutants 
exceeding thresholds are those with regional effects, such as ozone precursors like NOx and ROG. 
 
Based on the above discussion, the potential for an individual project to significantly degrade regional 
air quality or contribute to significant health risk is small, even if the emission thresholds are exceed-
ed by the project. Because of the overall improvement trend in air quality in the air basin, it is unlike-
ly the regional air quality would worsen or health risk increase from the current condition due to 
emissions from an individual project. 



 

6.0 CONSTRUCTION BEST MANAGEMENT PRACTICES 

To reduce PM10 emissions from construction activities, the project should implement the following 
practices. 

 

• Unpaved areas subject to vehicle traffic must be stabilized by being kept wet, treated with a 
chemical dust suppressant, or covered.  

• The speed of any vehicles and equipment traveling across unpaved areas must be no more than 15 
miles per hour.  

• Storage piles and disturbed areas not subject to vehicular traffic must be stabilized by being kept 
wet, treated with a chemical dust suppressant, or covered when material is not being added to or 
removed from the pile. 

• Prior to any ground disturbance, including grading, excavating, and land clearing, sufficient water 
must be applied to the area to be disturbed to minimize dust emissions. 

• Construction vehicles leaving the site shall be cleaned to prevent dust, silt, mud and dirt, from 
being released or tracked off-site. 
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Urbemis 2007 Version 9.2.2

Combined Annual Emissions Reports (Tons/Year)

File Name: X:\Irvine\SAZ0702\apartments.urb9

Project Name: Sacramento Mutual Housing Aparatments

Project Location: Yolo-Solano AQMD

On-Road Vehicle Emissions Based on: Version  : Emfac2007 V2.3 Nov 1 2006

Off-Road Vehicle Emissions Based on: OFFROAD2007

Summary Report:

CONSTRUCTION EMISSION ESTIMATES

ROG NOx CO SO2 PM10 Dust PM10 Exhaust PM10 PM2.5 Dust PM2.5 Exhaust PM2.5 CO2

2008 TOTALS (tons/year unmitigated) 0.87 2.38 2.19 0.00 0.23 0.16 0.40 0.05 0.15 0.20 267.86

AREA SOURCE EMISSION ESTIMATES

ROG NOx CO SO2 PM10 PM2.5 CO2

188.92TOTALS (tons/year, unmitigated) 0.94 0.15 2.54 0.01 0.39 0.37

ROG NOx CO SO2 PM10 PM2.5 CO2

OPERATIONAL (VEHICLE) EMISSION ESTIMATES

TOTALS (tons/year, unmitigated) 0.94 1.35 11.61 0.01 1.31 0.26 727.92

SUM OF AREA SOURCE AND OPERATIONAL EMISSION ESTIMATES

ROG NOx CO SO2 PM10 PM2.5 CO2

TOTALS (tons/year, unmitigated) 1.88 1.50 14.15 0.02 1.70 0.63 916.84

Construction Unmitigated Detail Report:

CONSTRUCTION EMISSION ESTIMATES Annual Tons Per Year, Unmitigated

ROG NOx CO SO2 PM10 Dust PM10 Exhaust PM10 PM2.5 Dust PM2.5 Exhaust PM2.5 CO2

2008 0.87 2.38 2.19 0.00 0.23 0.16 0.40 0.05 0.15 0.20 267.86

Asphalt 02/01/2008-02/15/2008 0.02 0.10 0.07 0.00 0.00 0.01 0.01 0.00 0.01 0.01 8.77

Paving Off-Gas 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Paving Off Road Diesel 0.02 0.10 0.05 0.00 0.00 0.01 0.01 0.00 0.01 0.01 7.00

Paving On Road Diesel 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.65

Paving Worker Trips 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.12

Fine Grading 02/01/2008-
02/29/2008

0.04 0.29 0.16 0.00 0.23 0.01 0.25 0.05 0.01 0.06 24.67

Fine Grading Dust 0.00 0.00 0.00 0.00 0.23 0.00 0.23 0.05 0.00 0.05 0.00

Fine Grading Off Road Diesel 0.03 0.29 0.14 0.00 0.00 0.01 0.01 0.00 0.01 0.01 23.60
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1/17/2008 11:11:42 AM

Fine Grading On Road Diesel 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fine Grading Worker Trips 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.07

Building 03/01/2008-11/30/2008 0.43 1.98 1.95 0.00 0.00 0.14 0.14 0.00 0.13 0.13 233.41

Building Off Road Diesel 0.40 1.78 1.15 0.00 0.00 0.13 0.13 0.00 0.12 0.12 158.07

Building Vendor Trips 0.01 0.17 0.14 0.00 0.00 0.01 0.01 0.00 0.01 0.01 25.10

Building Worker Trips 0.02 0.04 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.24

Coating 11/01/2008-12/31/2008 0.38 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

Architectural Coating 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Coating Worker Trips 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

Phase Assumptions

Phase: Fine Grading 2/1/2008 - 2/29/2008 - Default Fine Site Grading Description

Total Acres Disturbed: 4.38

Maximum Daily Acreage Disturbed: 1.1

Fugitive Dust Level of Detail: Default

   20 lbs per acre-day

On Road Truck Travel (VMT): 0

Off-Road Equipment:

1 Graders (174 hp) operating at a 0.61 load factor for 6 hours per day

1 Rubber Tired Dozers (357 hp) operating at a 0.59 load factor for 6 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 7 hours per day

1 Water Trucks (189 hp) operating at a 0.5 load factor for 8 hours per day

Phase: Paving 2/1/2008 - 2/15/2008 - Default Paving Description

Acres to be Paved: 1.1

Off-Road Equipment:

4 Cement and Mortar Mixers (10 hp) operating at a 0.56 load factor for 6 hours per day

1 Pavers (100 hp) operating at a 0.62 load factor for 7 hours per day

1 Paving Equipment (104 hp) operating at a 0.53 load factor for 8 hours per day

1 Rollers (95 hp) operating at a 0.56 load factor for 7 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 7 hours per day

Phase: Building Construction 3/1/2008 - 11/30/2008 - Default Building Construction Description

Off-Road Equipment:

1 Cranes (399 hp) operating at a 0.43 load factor for 6 hours per day

2 Forklifts (145 hp) operating at a 0.3 load factor for 6 hours per day

1 Generator Sets (49 hp) operating at a 0.74 load factor for 8 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 8 hours per day

3 Welders (45 hp) operating at a 0.45 load factor for 8 hours per day

Phase: Architectural Coating 11/1/2008 - 12/31/2008 - Default Architectural Coating Description
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Rule: Residential Interior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 100

Rule: Residential Exterior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

Rule: Nonresidential Interior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

Rule: Nonresidential Exterior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

Area Source Unmitigated Detail Report:

AREA SOURCE EMISSION ESTIMATES Annual Tons Per Year, Unmitigated

Source ROG NOx CO SO2 PM10 PM2.5 CO2

Natural Gas 0.01 0.10 0.04 0.00 0.00 0.00 122.99

Hearth 0.26 0.05 2.36 0.01 0.39 0.37 65.68

Landscape 0.01 0.00 0.14 0.00 0.00 0.00 0.25

Consumer Products 0.62

Architectural Coatings 0.04

TOTALS (tons/year, unmitigated) 0.94 0.15 2.54 0.01 0.39 0.37 188.92

Area Source Changes to Defaults

Operational Unmitigated Detail Report:

OPERATIONAL EMISSION ESTIMATES Annual Tons Per Year, Unmitigated

Source ROG NOX CO SO2 PM10 PM25 CO2

Apartments low rise 0.94 1.35 11.61 0.01 1.31 0.26 727.92

TOTALS (tons/year, unmitigated) 0.94 1.35 11.61 0.01 1.31 0.26 727.92

Operational Settings:

Does not include correction for passby trips

Does not include double counting adjustment for internal trips

Analysis Year: 2009  Season: Annual

Emfac: Version  : Emfac2007 V2.3 Nov 1 2006

Summary of Land Uses

Land Use Type Acreage Trip Rate Unit Type No. Units Total Trips Total VMT

Apartments low rise 4.38 6.90 dwelling units 70.00 483.00 4,129.51

483.00 4,129.51

Vehicle Fleet Mix
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Vehicle Type Percent Type Non-Catalyst Catalyst Diesel

0.4

Light Truck < 3750 lbs 10.9 3.7 90.8 5.5

Light Auto 49.0 2.0 97.6

0.5

Med Truck 5751-8500 lbs 9.5 1.1 98.9 0.0

Light Truck 3751-5750 lbs 21.7 0.9 98.6

25.0

Lite-Heavy Truck 10,001-14,000 lbs 0.6 0.0 50.0 50.0

Lite-Heavy Truck 8501-10,000 lbs 1.6 0.0 75.0

80.0

Heavy-Heavy Truck 33,001-60,000 lbs 0.9 0.0 0.0 100.0

Med-Heavy Truck 14,001-33,000 lbs 1.0 0.0 20.0

100.0

Urban Bus 0.1 0.0 0.0 100.0

Other Bus 0.1 0.0 0.0

0.0

School Bus 0.1 0.0 0.0 100.0

Motorcycle 3.5 77.1 22.9

10.0

Travel Conditions

Residential Commercial

Motor Home 1.0 10.0 80.0

Home-Work Home-Shop Home-Other Commute Non-Work Customer

Urban Trip Length (miles) 10.8 7.3 7.5 10.8 7.3 7.3

Rural Trip Length (miles) 15.0 10.0 10.0 15.0 10.0 10.0

Trip speeds (mph) 35.0 35.0 35.0 35.0 35.0 35.0

% of Trips - Residential 32.9 18.0 49.1

% of Trips - Commercial (by land use)



0.00 1.30 1.30 2,247.320.00 0.00 1.41 1.41Fine Grading Off Road Diesel 3.31 28.00 13.56

4.59 0.00 4.59 0.000.00 22.00 0.00 22.00Fine Grading Dust 0.00 0.00 0.00

4.60 1.30 5.90 2,349.560.00 22.00 1.42 23.42Fine Grading 02/01/2008-
02/29/2008

3.36 28.07 14.90

0.00 0.01 0.01 204.490.00 0.01 0.01 0.02Paving Worker Trips 0.08 0.15 2.67

0.00 0.04 0.05 118.540.00 0.00 0.05 0.05Paving On Road Diesel 0.08 1.06 0.44

0.00 1.41 1.41 1,272.040.00 0.00 1.54 1.54Paving Off Road Diesel 2.99 17.76 9.40

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Paving Off-Gas 0.26 0.00 0.00

0.00 1.46 1.47 1,595.060.00 0.01 1.59 1.61Asphalt 02/01/2008-02/15/2008 3.42 18.97 12.51

4.60 2.76 7.37 3,944.620.00 22.02 3.01 25.03Time Slice 2/1/2008-2/15/2008 Active 
Days: 11

6.77 47.04 27.41

PM2.5 Dust PM2.5 Exhaust PM2.5 CO2

Construction Unmitigated Detail Report:

CONSTRUCTION EMISSION ESTIMATES Winter Pounds Per Day, Unmitigated

ROG NOx CO SO2 PM10 Dust PM10 Exhaust PM10

0.23 16.62 10.52 6,224.90TOTALS (lbs/day, unmitigated) 15.46 11.32 125.29

SUM OF AREA SOURCE AND OPERATIONAL EMISSION ESTIMATES

ROG NOx CO SO2 PM10 PM2.5 CO2

0.04 7.20 1.45 3,631.73TOTALS (lbs/day, unmitigated) 5.43 9.41 67.34

ROG NOx CO SO2 PM10 PM2.5 CO2

OPERATIONAL (VEHICLE) EMISSION ESTIMATES

0.19 9.42 9.07 2,593.17TOTALS (lbs/day, unmitigated) 10.03 1.91 57.95

SO2 PM10 PM2.5 CO2ROG NOx CO

2.76 7.37 3,944.62

AREA SOURCE EMISSION ESTIMATES

CO2

2008 TOTALS (lbs/day unmitigated) 22.21 47.04 27.41 0.01 22.02 3.01 25.03 4.60

PM10 PM2.5 Dust PM2.5 Exhaust PM2.5

Off-Road Vehicle Emissions Based on: OFFROAD2007

Summary Report:

CONSTRUCTION EMISSION ESTIMATES

ROG NOx CO SO2 PM10 Dust PM10 Exhaust

File Name: X:\Irvine\SAZ0702\apartments.urb9

Project Name: Sacramento Mutual Housing Aparatments

Project Location: Yolo-Solano AQMD

On-Road Vehicle Emissions Based on: Version  : Emfac2007 V2.3 Nov 1 2006
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Urbemis 2007 Version 9.2.2

Combined Winter Emissions Reports (Pounds/Day)
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1 Graders (174 hp) operating at a 0.61 load factor for 6 hours per day

1 Rubber Tired Dozers (357 hp) operating at a 0.59 load factor for 6 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 7 hours per day

Fugitive Dust Level of Detail: Default

   20 lbs per acre-day

On Road Truck Travel (VMT): 0

Off-Road Equipment:

Phase Assumptions

Phase: Fine Grading 2/1/2008 - 2/29/2008 - Default Fine Site Grading Description

Total Acres Disturbed: 4.38

Maximum Daily Acreage Disturbed: 1.1

0.00 0.00 0.00 46.660.00 0.00 0.00 0.00Coating Worker Trips 0.02 0.03 0.61

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Architectural Coating 17.76 0.00 0.00

0.00 0.00 0.00 46.660.00 0.00 0.00 0.00Coating 11/01/2008-12/31/2008 17.78 0.03 0.61

0.00 0.00 0.00 46.660.00 0.00 0.00 0.00Time Slice 12/1/2008-12/31/2008 
Active Days: 23

17.78 0.03 0.61

0.00 0.00 0.00 46.660.00 0.00 0.00 0.00Coating Worker Trips 0.02 0.03 0.61

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Architectural Coating 17.76 0.00 0.00

0.00 0.00 0.00 46.660.00 0.00 0.00 0.00Coating 11/01/2008-12/31/2008 17.78 0.03 0.61

0.01 0.01 0.02 515.300.01 0.03 0.02 0.04Building Worker Trips 0.21 0.37 6.74

0.00 0.07 0.08 257.450.00 0.01 0.08 0.09Building Vendor Trips 0.15 1.71 1.48

0.00 1.22 1.22 1,621.200.00 0.00 1.33 1.33Building Off Road Diesel 4.07 18.22 11.80

0.01 1.31 1.32 2,393.950.01 0.03 1.43 1.46Building 03/01/2008-11/30/2008 4.44 20.30 20.02

0.01 1.31 1.32 2,440.610.01 0.04 1.43 1.47Time Slice 11/3/2008-11/28/2008 
Active Days: 20

22.21 20.33 20.63

0.01 0.01 0.02 515.300.01 0.03 0.02 0.04Building Worker Trips 0.21 0.37 6.74

0.00 0.07 0.08 257.450.00 0.01 0.08 0.09Building Vendor Trips 0.15 1.71 1.48

0.00 1.22 1.22 1,621.200.00 0.00 1.33 1.33Building Off Road Diesel 4.07 18.22 11.80

0.01 1.31 1.32 2,393.950.01 0.03 1.43 1.46Building 03/01/2008-11/30/2008 4.44 20.30 20.02

0.01 1.31 1.32 2,393.950.01 0.03 1.43 1.46Time Slice 3/3/2008-10/31/2008 
Active Days: 175

4.44 20.30 20.02

0.00 0.00 0.00 102.240.00 0.00 0.00 0.01Fine Grading Worker Trips 0.04 0.07 1.34

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Fine Grading On Road Diesel 0.00 0.00 0.00

0.00 1.30 1.30 2,247.320.00 0.00 1.41 1.41Fine Grading Off Road Diesel 3.31 28.00 13.56

4.59 0.00 4.59 0.000.00 22.00 0.00 22.00Fine Grading Dust 0.00 0.00 0.00

4.60 1.30 5.90 2,349.560.00 22.00 1.42 23.42Fine Grading 02/01/2008-
02/29/2008

3.36 28.07 14.90

4.60 1.30 5.90 2,349.560.00 22.00 1.42 23.42Time Slice 2/18/2008-2/29/2008 
Active Days: 10

3.36 28.07 14.90

0.00 0.00 0.00 102.240.00 0.00 0.00 0.01Fine Grading Worker Trips 0.04 0.07 1.34

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Fine Grading On Road Diesel 0.00 0.00 0.00
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Area Source Changes to Defaults

0.19 9.42 9.07 2,593.17TOTALS (lbs/day, unmitigated) 10.03 1.91 57.95

Architectural Coatings 0.21

Consumer Products 3.42

Landscaping - No Winter Emissions

0.19 9.42 9.07 1,919.24Hearth 6.36 1.38 57.73

CO2

Natural Gas 0.04 0.53 0.22 0.00 0.00 0.00 673.93

Area Source Unmitigated Detail Report:

AREA SOURCE EMISSION ESTIMATES Winter Pounds Per Day, Unmitigated

Source ROG NOx CO SO2 PM10 PM2.5

Rule: Residential Exterior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

Rule: Nonresidential Interior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

Rule: Nonresidential Exterior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

3 Welders (45 hp) operating at a 0.45 load factor for 8 hours per day

Phase: Architectural Coating 11/1/2008 - 12/31/2008 - Default Architectural Coating Description

Rule: Residential Interior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 100

1 Cranes (399 hp) operating at a 0.43 load factor for 6 hours per day

2 Forklifts (145 hp) operating at a 0.3 load factor for 6 hours per day

1 Generator Sets (49 hp) operating at a 0.74 load factor for 8 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 8 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 7 hours per day

Phase: Building Construction 3/1/2008 - 11/30/2008 - Default Building Construction Description

Off-Road Equipment:

4 Cement and Mortar Mixers (10 hp) operating at a 0.56 load factor for 6 hours per day

1 Pavers (100 hp) operating at a 0.62 load factor for 7 hours per day

1 Paving Equipment (104 hp) operating at a 0.53 load factor for 8 hours per day

1 Rollers (95 hp) operating at a 0.56 load factor for 7 hours per day

Phase: Paving 2/1/2008 - 2/15/2008 - Default Paving Description

Acres to be Paved: 1.1

Off-Road Equipment:

1 Water Trucks (189 hp) operating at a 0.5 load factor for 8 hours per day
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Commute Non-Work Customer

Urban Trip Length (miles) 10.8 7.3 7.5 10.8 7.3 7.3

Home-Work Home-Shop Home-Other

10.0

Travel Conditions

Residential Commercial

Motor Home 1.0 10.0 80.0

0.0

School Bus 0.1 0.0 0.0 100.0

Motorcycle 3.5 77.1 22.9

100.0

Urban Bus 0.1 0.0 0.0 100.0

Other Bus 0.1 0.0 0.0

80.0

Heavy-Heavy Truck 33,001-60,000 lbs 0.9 0.0 0.0 100.0

Med-Heavy Truck 14,001-33,000 lbs 1.0 0.0 20.0

25.0

Lite-Heavy Truck 10,001-14,000 lbs 0.6 0.0 50.0 50.0

Lite-Heavy Truck 8501-10,000 lbs 1.6 0.0 75.0

0.5

Med Truck 5751-8500 lbs 9.5 1.1 98.9 0.0

Light Truck 3751-5750 lbs 21.7 0.9 98.6

0.4

Light Truck < 3750 lbs 10.9 3.7 90.8 5.5

Light Auto 49.0 2.0 97.6

Vehicle Fleet Mix

Vehicle Type Percent Type Non-Catalyst Catalyst Diesel

70.00 483.00 4,129.51

483.00 4,129.51

Apartments low rise 4.38 6.90 dwelling units

Emfac: Version  : Emfac2007 V2.3 Nov 1 2006

Summary of Land Uses

Land Use Type Acreage Trip Rate Unit Type No. Units Total Trips Total VMT

Operational Settings:

Does not include correction for passby trips

Does not include double counting adjustment for internal trips

Analysis Year: 2009  Temperature (F): 40  Season: Winter

0.04 7.20 1.45 3,631.73TOTALS (lbs/day, unmitigated) 5.43 9.41 67.34

0.04 7.20 1.45 3,631.73Apartments low rise 5.43 9.41 67.34

SO2 PM10 PM25 CO2Source ROG NOX CO

Operational Unmitigated Detail Report:

OPERATIONAL EMISSION ESTIMATES Winter Pounds Per Day, Unmitigated



Page: 1

1/15/2008 08:46:13 AM

% of Trips - Commercial (by land use)

% of Trips - Residential 32.9 18.0 49.1

15.0 10.0 10.0

Trip speeds (mph) 35.0 35.0 35.0 35.0 35.0 35.0

Rural Trip Length (miles) 15.0 10.0 10.0
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Urbemis 2007 Version 9.2.2

Combined Annual Emissions Reports (Tons/Year)

File Name: X:\Irvine\SAZ0702\office.urb9

Project Name: Office Development

Project Location: Yolo-Solano AQMD

On-Road Vehicle Emissions Based on: Version  : Emfac2007 V2.3 Nov 1 2006

Off-Road Vehicle Emissions Based on: OFFROAD2007

Summary Report:

CONSTRUCTION EMISSION ESTIMATES

ROG NOx CO SO2 PM10 Dust PM10 Exhaust PM10 PM2.5 Dust PM2.5 Exhaust PM2.5 CO2

2008 TOTALS (tons/year unmitigated) 0.73 2.01 1.68 0.00 0.34 0.12 0.46 0.07 0.11 0.19 218.31

AREA SOURCE EMISSION ESTIMATES

ROG NOx CO SO2 PM10 PM2.5 CO2

102.45TOTALS (tons/year, unmitigated) 0.06 0.09 0.21 0.00 0.00 0.00

ROG NOx CO SO2 PM10 PM2.5 CO2

OPERATIONAL (VEHICLE) EMISSION ESTIMATES

TOTALS (tons/year, unmitigated) 1.41 2.14 18.02 0.01 2.09 0.42 1,151.62

SUM OF AREA SOURCE AND OPERATIONAL EMISSION ESTIMATES

ROG NOx CO SO2 PM10 PM2.5 CO2

TOTALS (tons/year, unmitigated) 1.47 2.23 18.23 0.01 2.09 0.42 1,254.07

Construction Unmitigated Detail Report:

CONSTRUCTION EMISSION ESTIMATES Annual Tons Per Year, Unmitigated

ROG NOx CO SO2 PM10 Dust PM10 Exhaust PM10 PM2.5 Dust PM2.5 Exhaust PM2.5 CO2

2008 0.73 2.01 1.68 0.00 0.34 0.12 0.46 0.07 0.11 0.19 218.31

Fine Grading 02/01/2008-
03/31/2008

0.07 0.59 0.31 0.00 0.34 0.03 0.37 0.07 0.03 0.10 49.34

Fine Grading Dust 0.00 0.00 0.00 0.00 0.34 0.00 0.34 0.07 0.00 0.07 0.00

Fine Grading Off Road Diesel 0.07 0.59 0.28 0.00 0.00 0.03 0.03 0.00 0.03 0.03 47.19

Fine Grading On Road Diesel 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fine Grading Worker Trips 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.15

Asphalt 03/01/2008-04/30/2008 0.05 0.29 0.21 0.00 0.00 0.02 0.03 0.00 0.02 0.02 25.36

Paving Off-Gas 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Paving Off Road Diesel 0.05 0.29 0.15 0.00 0.00 0.02 0.02 0.00 0.02 0.02 21.05
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Paving On Road Diesel 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.46

Paving Worker Trips 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.85

Building 03/01/2008-11/30/2008 0.16 1.12 1.15 0.00 0.00 0.07 0.07 0.00 0.06 0.06 142.71

Building Off Road Diesel 0.14 1.02 0.50 0.00 0.00 0.06 0.06 0.00 0.06 0.06 87.11

Building Vendor Trips 0.01 0.07 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.94

Building Worker Trips 0.02 0.03 0.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 44.66

Coating 08/08/2008-12/31/2008 0.45 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89

Architectural Coating 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Coating Worker Trips 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89

Phase Assumptions

Phase: Fine Grading 2/1/2008 - 3/31/2008 - Default Fine Site Grading Description

Total Acres Disturbed: 3.21

Maximum Daily Acreage Disturbed: 0.8

Fugitive Dust Level of Detail: Default

   20 lbs per acre-day

On Road Truck Travel (VMT): 0

Off-Road Equipment:

1 Graders (174 hp) operating at a 0.61 load factor for 6 hours per day

1 Rubber Tired Dozers (357 hp) operating at a 0.59 load factor for 6 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 7 hours per day

1 Water Trucks (189 hp) operating at a 0.5 load factor for 8 hours per day

Phase: Paving 3/1/2008 - 4/30/2008 - Default Paving Description

Acres to be Paved: 0.8

Off-Road Equipment:

4 Cement and Mortar Mixers (10 hp) operating at a 0.56 load factor for 6 hours per day

1 Pavers (100 hp) operating at a 0.62 load factor for 7 hours per day

1 Rollers (95 hp) operating at a 0.56 load factor for 7 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 7 hours per day

Phase: Building Construction 3/1/2008 - 11/30/2008 - Default Building Construction Description

Off-Road Equipment:

1 Cranes (399 hp) operating at a 0.43 load factor for 4 hours per day

2 Forklifts (145 hp) operating at a 0.3 load factor for 6 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 8 hours per day

Phase: Architectural Coating 8/8/2008 - 12/31/2008 - Default Architectural Coating Description

Rule: Residential Interior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 100

Rule: Residential Exterior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

Rule: Nonresidential Interior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150
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Rule: Nonresidential Exterior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

Area Source Unmitigated Detail Report:

AREA SOURCE EMISSION ESTIMATES Annual Tons Per Year, Unmitigated

Source ROG NOx CO SO2 PM10 PM2.5 CO2

Natural Gas 0.01 0.09 0.07 0.00 0.00 0.00 102.20

Hearth 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Landscape 0.01 0.00 0.14 0.00 0.00 0.00 0.25

Consumer Products 0.00

Architectural Coatings 0.04

TOTALS (tons/year, unmitigated) 0.06 0.09 0.21 0.00 0.00 0.00 102.45

Area Source Changes to Defaults

Operational Unmitigated Detail Report:

OPERATIONAL EMISSION ESTIMATES Annual Tons Per Year, Unmitigated

Source ROG NOX CO SO2 PM10 PM25 CO2

General office building 1.41 2.14 18.02 0.01 2.09 0.42 1,151.62

TOTALS (tons/year, unmitigated) 1.41 2.14 18.02 0.01 2.09 0.42 1,151.62

Operational Settings:

Does not include correction for passby trips

Does not include double counting adjustment for internal trips

Analysis Year: 2009  Season: Annual

Emfac: Version  : Emfac2007 V2.3 Nov 1 2006

Summary of Land Uses

Land Use Type Acreage Trip Rate Unit Type No. Units Total Trips Total VMT

General office building 11.01 1000 sq ft 70.00 770.70 6,570.22

770.70 6,570.22

Vehicle Fleet Mix

Vehicle Type Percent Type Non-Catalyst Catalyst Diesel

0.4Light Auto 49.0 2.0 97.6
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Light Truck < 3750 lbs 10.9 3.7 90.8 5.5

0.5

Med Truck 5751-8500 lbs 9.5 1.1 98.9 0.0

Light Truck 3751-5750 lbs 21.7 0.9 98.6

25.0

Lite-Heavy Truck 10,001-14,000 lbs 0.6 0.0 50.0 50.0

Lite-Heavy Truck 8501-10,000 lbs 1.6 0.0 75.0

80.0

Heavy-Heavy Truck 33,001-60,000 lbs 0.9 0.0 0.0 100.0

Med-Heavy Truck 14,001-33,000 lbs 1.0 0.0 20.0

100.0

Urban Bus 0.1 0.0 0.0 100.0

Other Bus 0.1 0.0 0.0

0.0

School Bus 0.1 0.0 0.0 100.0

Motorcycle 3.5 77.1 22.9

10.0

Travel Conditions

Residential Commercial

Motor Home 1.0 10.0 80.0

Home-Work Home-Shop Home-Other Commute Non-Work Customer

Urban Trip Length (miles) 10.8 7.3 7.5 10.8 7.3 7.3

Rural Trip Length (miles) 15.0 10.0 10.0 15.0 10.0 10.0

Trip speeds (mph) 35.0 35.0 35.0 35.0 35.0 35.0

% of Trips - Residential 32.9 18.0 49.1

% of Trips - Commercial (by land use)

General office building 35.0 17.5 47.5



0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Paving Off-Gas 0.05 0.00 0.00

0.00 1.07 1.07 1,179.700.00 0.01 1.16 1.17Asphalt 03/01/2008-04/30/2008 2.36 13.59 9.56

3.36 3.03 6.38 4,992.920.01 16.04 3.29 19.33Time Slice 3/3/2008-3/31/2008 Active 
Days: 21

7.36 53.19 36.21

0.00 0.00 0.00 102.240.00 0.00 0.00 0.01Fine Grading Worker Trips 0.04 0.07 1.34

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Fine Grading On Road Diesel 0.00 0.00 0.00

0.00 1.30 1.30 2,247.320.00 0.00 1.41 1.41Fine Grading Off Road Diesel 3.31 28.00 13.56

3.34 0.00 3.34 0.000.00 16.00 0.00 16.00Fine Grading Dust 0.00 0.00 0.00

3.34 1.30 4.64 2,349.560.00 16.00 1.42 17.42Fine Grading 02/01/2008-
03/31/2008

3.36 28.07 14.90

3.34 1.30 4.64 2,349.560.00 16.00 1.42 17.42Time Slice 2/1/2008-2/29/2008 Active 
Days: 21

3.36 28.07 14.90

PM2.5 Dust PM2.5 Exhaust PM2.5 CO2

Construction Unmitigated Detail Report:

CONSTRUCTION EMISSION ESTIMATES Winter Pounds Per Day, Unmitigated

ROG NOx CO SO2 PM10 Dust PM10 Exhaust PM10

0.06 11.45 2.30 6,302.39TOTALS (lbs/day, unmitigated) 8.78 15.38 104.99

SUM OF AREA SOURCE AND OPERATIONAL EMISSION ESTIMATES

ROG NOx CO SO2 PM10 PM2.5 CO2

0.06 11.45 2.30 5,742.39TOTALS (lbs/day, unmitigated) 8.50 14.91 104.60

ROG NOx CO SO2 PM10 PM2.5 CO2

OPERATIONAL (VEHICLE) EMISSION ESTIMATES

0.00 0.00 0.00 560.00TOTALS (lbs/day, unmitigated) 0.28 0.47 0.39

SO2 PM10 PM2.5 CO2ROG NOx CO

3.03 6.38 4,992.92

AREA SOURCE EMISSION ESTIMATES

CO2

2008 TOTALS (lbs/day unmitigated) 10.30 53.19 36.21 0.01 16.04 3.29 19.33 3.36

PM10 PM2.5 Dust PM2.5 Exhaust PM2.5

Off-Road Vehicle Emissions Based on: OFFROAD2007

Summary Report:

CONSTRUCTION EMISSION ESTIMATES

ROG NOx CO SO2 PM10 Dust PM10 Exhaust

File Name: X:\Irvine\SAZ0702\office.urb9

Project Name: Office Development

Project Location: Yolo-Solano AQMD

On-Road Vehicle Emissions Based on: Version  : Emfac2007 V2.3 Nov 1 2006

Page: 1

1/15/2008 08:47:02 AM

Urbemis 2007 Version 9.2.2

Combined Winter Emissions Reports (Pounds/Day)
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0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Architectural Coating 8.65 0.00 0.00

0.00 0.00 0.00 17.200.00 0.00 0.00 0.00Coating 08/08/2008-12/31/2008 8.66 0.01 0.22

0.01 0.01 0.02 458.050.00 0.02 0.02 0.04Building Worker Trips 0.19 0.33 5.99

0.00 0.03 0.03 112.220.00 0.00 0.03 0.04Building Vendor Trips 0.07 0.72 0.67

0.00 0.61 0.61 893.390.00 0.00 0.67 0.67Building Off Road Diesel 1.39 10.47 5.09

0.01 0.66 0.66 1,463.650.01 0.03 0.71 0.74Building 03/01/2008-11/30/2008 1.64 11.52 11.75

0.01 0.66 0.67 1,480.860.01 0.03 0.72 0.74Time Slice 8/8/2008-11/28/2008 
Active Days: 81

10.30 11.54 11.97

0.01 0.01 0.02 458.050.00 0.02 0.02 0.04Building Worker Trips 0.19 0.33 5.99

0.00 0.03 0.03 112.220.00 0.00 0.03 0.04Building Vendor Trips 0.07 0.72 0.67

0.00 0.61 0.61 893.390.00 0.00 0.67 0.67Building Off Road Diesel 1.39 10.47 5.09

0.01 0.66 0.66 1,463.650.01 0.03 0.71 0.74Building 03/01/2008-11/30/2008 1.64 11.52 11.75

0.01 0.66 0.66 1,463.650.01 0.03 0.71 0.74Time Slice 5/1/2008-8/7/2008 Active 
Days: 71

1.64 11.52 11.75

0.01 0.01 0.02 458.050.00 0.02 0.02 0.04Building Worker Trips 0.19 0.33 5.99

0.00 0.03 0.03 112.220.00 0.00 0.03 0.04Building Vendor Trips 0.07 0.72 0.67

0.00 0.61 0.61 893.390.00 0.00 0.67 0.67Building Off Road Diesel 1.39 10.47 5.09

0.01 0.66 0.66 1,463.650.01 0.03 0.71 0.74Building 03/01/2008-11/30/2008 1.64 11.52 11.75

0.00 0.00 0.01 178.930.00 0.01 0.01 0.01Paving Worker Trips 0.07 0.13 2.34

0.00 0.01 0.01 21.550.00 0.00 0.01 0.01Paving On Road Diesel 0.01 0.19 0.08

0.00 1.06 1.06 979.230.00 0.00 1.15 1.15Paving Off Road Diesel 2.22 13.27 7.15

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Paving Off-Gas 0.05 0.00 0.00

0.00 1.07 1.07 1,179.700.00 0.01 1.16 1.17Asphalt 03/01/2008-04/30/2008 2.36 13.59 9.56

0.01 1.72 1.74 2,643.360.01 0.04 1.88 1.91Time Slice 4/1/2008-4/30/2008 Active 
Days: 22

4.00 25.12 21.31

0.00 0.00 0.00 102.240.00 0.00 0.00 0.01Fine Grading Worker Trips 0.04 0.07 1.34

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Fine Grading On Road Diesel 0.00 0.00 0.00

0.00 1.30 1.30 2,247.320.00 0.00 1.41 1.41Fine Grading Off Road Diesel 3.31 28.00 13.56

3.34 0.00 3.34 0.000.00 16.00 0.00 16.00Fine Grading Dust 0.00 0.00 0.00

3.34 1.30 4.64 2,349.560.00 16.00 1.42 17.42Fine Grading 02/01/2008-
03/31/2008

3.36 28.07 14.90

0.01 0.01 0.02 458.050.00 0.02 0.02 0.04Building Worker Trips 0.19 0.33 5.99

0.00 0.03 0.03 112.220.00 0.00 0.03 0.04Building Vendor Trips 0.07 0.72 0.67

0.00 0.61 0.61 893.390.00 0.00 0.67 0.67Building Off Road Diesel 1.39 10.47 5.09

0.01 0.66 0.66 1,463.650.01 0.03 0.71 0.74Building 03/01/2008-11/30/2008 1.64 11.52 11.75

0.00 0.00 0.01 178.930.00 0.01 0.01 0.01Paving Worker Trips 0.07 0.13 2.34

0.00 0.01 0.01 21.550.00 0.00 0.01 0.01Paving On Road Diesel 0.01 0.19 0.08

0.00 1.06 1.06 979.230.00 0.00 1.15 1.15Paving Off Road Diesel 2.22 13.27 7.15
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Area Source Unmitigated Detail Report:

Rule: Residential Interior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 100

Rule: Residential Exterior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

Rule: Nonresidential Interior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

Rule: Nonresidential Exterior Coatings begins 1/1/2005 ends 12/31/2040 specifies a VOC of 150

2 Forklifts (145 hp) operating at a 0.3 load factor for 6 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 8 hours per day

Phase: Architectural Coating 8/8/2008 - 12/31/2008 - Default Architectural Coating Description

Phase: Building Construction 3/1/2008 - 11/30/2008 - Default Building Construction Description

Off-Road Equipment:

1 Cranes (399 hp) operating at a 0.43 load factor for 4 hours per day

4 Cement and Mortar Mixers (10 hp) operating at a 0.56 load factor for 6 hours per day

1 Pavers (100 hp) operating at a 0.62 load factor for 7 hours per day

1 Rollers (95 hp) operating at a 0.56 load factor for 7 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 7 hours per day

Phase: Paving 3/1/2008 - 4/30/2008 - Default Paving Description

Acres to be Paved: 0.8

Off-Road Equipment:

1 Graders (174 hp) operating at a 0.61 load factor for 6 hours per day

1 Rubber Tired Dozers (357 hp) operating at a 0.59 load factor for 6 hours per day

1 Tractors/Loaders/Backhoes (108 hp) operating at a 0.55 load factor for 7 hours per day

1 Water Trucks (189 hp) operating at a 0.5 load factor for 8 hours per day

Fugitive Dust Level of Detail: Default

   20 lbs per acre-day

On Road Truck Travel (VMT): 0

Off-Road Equipment:

Phase Assumptions

Phase: Fine Grading 2/1/2008 - 3/31/2008 - Default Fine Site Grading Description

Total Acres Disturbed: 3.21

Maximum Daily Acreage Disturbed: 0.8

0.00 0.00 0.00 17.200.00 0.00 0.00 0.00Coating Worker Trips 0.01 0.01 0.22

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00Architectural Coating 8.65 0.00 0.00

0.00 0.00 0.00 17.200.00 0.00 0.00 0.00Coating 08/08/2008-12/31/2008 8.66 0.01 0.22

0.00 0.00 0.00 17.200.00 0.00 0.00 0.00Time Slice 12/1/2008-12/31/2008 
Active Days: 23

8.66 0.01 0.22

0.00 0.00 0.00 17.200.00 0.00 0.00 0.00Coating Worker Trips 0.01 0.01 0.22
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25.0Lite-Heavy Truck 8501-10,000 lbs 1.6 0.0 75.0

0.5

Med Truck 5751-8500 lbs 9.5 1.1 98.9 0.0

Light Truck 3751-5750 lbs 21.7 0.9 98.6

0.4

Light Truck < 3750 lbs 10.9 3.7 90.8 5.5

Light Auto 49.0 2.0 97.6

Vehicle Fleet Mix

Vehicle Type Percent Type Non-Catalyst Catalyst Diesel

70.00 770.70 6,570.22

770.70 6,570.22

General office building 11.01 1000 sq ft

Emfac: Version  : Emfac2007 V2.3 Nov 1 2006

Summary of Land Uses

Land Use Type Acreage Trip Rate Unit Type No. Units Total Trips Total VMT

Operational Settings:

Does not include correction for passby trips

Does not include double counting adjustment for internal trips

Analysis Year: 2009  Temperature (F): 40  Season: Winter

0.06 11.45 2.30 5,742.39TOTALS (lbs/day, unmitigated) 8.50 14.91 104.60

0.06 11.45 2.30 5,742.39General office building 8.50 14.91 104.60

SO2 PM10 PM25 CO2Source ROG NOX CO

Area Source Changes to Defaults

Operational Unmitigated Detail Report:

OPERATIONAL EMISSION ESTIMATES Winter Pounds Per Day, Unmitigated

0.00 0.00 0.00 560.00TOTALS (lbs/day, unmitigated) 0.28 0.47 0.39

Architectural Coatings 0.25

Consumer Products 0.00

Landscaping - No Winter Emissions

0.00 0.00 0.00 0.00Hearth 0.00 0.00 0.00

CO2

Natural Gas 0.03 0.47 0.39 0.00 0.00 0.00 560.00

AREA SOURCE EMISSION ESTIMATES Winter Pounds Per Day, Unmitigated

Source ROG NOx CO SO2 PM10 PM2.5
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General office building 35.0 17.5 47.5

% of Trips - Commercial (by land use)

% of Trips - Residential 32.9 18.0 49.1

15.0 10.0 10.0

Trip speeds (mph) 35.0 35.0 35.0 35.0 35.0 35.0

Rural Trip Length (miles) 15.0 10.0 10.0

Commute Non-Work Customer

Urban Trip Length (miles) 10.8 7.3 7.5 10.8 7.3 7.3

Home-Work Home-Shop Home-Other

10.0

Travel Conditions

Residential Commercial

Motor Home 1.0 10.0 80.0

0.0

School Bus 0.1 0.0 0.0 100.0

Motorcycle 3.5 77.1 22.9

100.0

Urban Bus 0.1 0.0 0.0 100.0

Other Bus 0.1 0.0 0.0

80.0

Heavy-Heavy Truck 33,001-60,000 lbs 0.9 0.0 0.0 100.0

Med-Heavy Truck 14,001-33,000 lbs 1.0 0.0 20.0

Lite-Heavy Truck 10,001-14,000 lbs 0.6 0.0 50.0 50.0



 

 

 
 
 

APPENDIX B – HEALTH RISK ASSESSMENT 
 

 
 



LSA Associates, Inc. HARP Modeling Results

Receptor Type Cancer Risk ZONE
# in a million Chronic Acute Easting Northing

1 GRID 0.71 4.33E-04 2.10E-05 610,839 4,268,514 10
2 GRID 0.863 5.27E-04 2.28E-05 610,939 4,268,514 10
3 GRID 1.01 6.18E-04 2.57E-05 611,039 4,268,514 10
4 GRID 1.17 7.13E-04 2.65E-05 611,139 4,268,514 10
5 GRID 1.3 7.96E-04 2.64E-05 611,239 4,268,514 10
6 GRID 1.44 8.80E-04 2.61E-05 611,339 4,268,514 10
7 GRID 1.6 9.77E-04 2.72E-05 611,439 4,268,514 10
8 GRID 1.66 1.01E-03 2.68E-05 611,539 4,268,514 10
9 GRID 1.71 1.05E-03 2.72E-05 611,639 4,268,514 10

10 GRID 1.77 1.08E-03 2.71E-05 611,739 4,268,514 10
11 GRID 1.8 1.10E-03 2.90E-05 611,839 4,268,514 10
12 GRID 1.81 1.10E-03 3.15E-05 611,939 4,268,514 10
13 GRID 1.69 1.03E-03 3.06E-05 612,039 4,268,514 10
14 GRID 1.6 9.75E-04 3.04E-05 612,139 4,268,514 10
15 GRID 1.48 9.04E-04 2.88E-05 612,239 4,268,514 10
16 GRID 1.34 8.15E-04 2.52E-05 612,339 4,268,514 10
17 GRID 1.21 7.41E-04 2.37E-05 612,439 4,268,514 10
18 GRID 1.14 6.99E-04 2.20E-05 612,539 4,268,514 10
19 GRID 1.07 6.56E-04 2.06E-05 612,639 4,268,514 10
20 GRID 0.981 5.99E-04 2.10E-05 612,739 4,268,514 10
21 GRID 0.884 5.40E-04 2.00E-05 612,839 4,268,514 10
22 GRID 0.769 4.69E-04 1.81E-05 612,939 4,268,514 10
23 GRID 0.673 4.11E-04 1.70E-05 613,039 4,268,514 10
24 GRID 0.59 3.60E-04 1.47E-05 613,139 4,268,514 10
25 GRID 0.518 3.16E-04 1.42E-05 613,239 4,268,514 10
26 GRID 0.656 4.01E-04 2.11E-05 610,839 4,268,414 10
27 GRID 0.82 5.01E-04 2.36E-05 610,939 4,268,414 10
28 GRID 1 6.11E-04 2.59E-05 611,039 4,268,414 10
29 GRID 1.18 7.22E-04 2.88E-05 611,139 4,268,414 10
30 GRID 1.38 8.42E-04 3.01E-05 611,239 4,268,414 10
31 GRID 1.54 9.42E-04 2.94E-05 611,339 4,268,414 10
32 GRID 1.74 1.06E-03 3.04E-05 611,439 4,268,414 10
33 GRID 1.91 1.17E-03 3.22E-05 611,539 4,268,414 10
34 GRID 1.99 1.21E-03 3.10E-05 611,639 4,268,414 10
35 GRID 2.06 1.26E-03 3.18E-05 611,739 4,268,414 10
36 GRID 2.11 1.29E-03 3.25E-05 611,839 4,268,414 10
37 GRID 2.12 1.30E-03 3.55E-05 611,939 4,268,414 10
38 GRID 2.01 1.23E-03 3.52E-05 612,039 4,268,414 10
39 GRID 1.9 1.16E-03 3.46E-05 612,139 4,268,414 10
40 GRID 1.74 1.06E-03 3.25E-05 612,239 4,268,414 10
41 GRID 1.57 9.59E-04 2.99E-05 612,339 4,268,414 10
42 GRID 1.42 8.64E-04 2.64E-05 612,439 4,268,414 10
43 GRID 1.33 8.09E-04 2.50E-05 612,539 4,268,414 10
44 GRID 1.21 7.38E-04 2.45E-05 612,639 4,268,414 10
45 GRID 1.09 6.64E-04 2.36E-05 612,739 4,268,414 10
46 GRID 0.945 5.77E-04 2.17E-05 612,839 4,268,414 10
47 GRID 0.814 4.97E-04 2.00E-05 612,939 4,268,414 10
48 GRID 0.702 4.29E-04 1.74E-05 613,039 4,268,414 10
49 GRID 0.603 3.69E-04 1.67E-05 613,139 4,268,414 10
50 GRID 0.512 3.13E-04 1.76E-05 613,239 4,268,414 10
51 GRID 0.643 3.92E-04 2.33E-05 610,839 4,268,314 10
52 GRID 0.761 4.64E-04 2.50E-05 610,939 4,268,314 10
53 GRID 0.962 5.87E-04 2.81E-05 611,039 4,268,314 10
54 GRID 1.18 7.19E-04 3.02E-05 611,139 4,268,314 10
55 GRID 1.41 8.61E-04 3.27E-05 611,239 4,268,314 10
56 GRID 1.65 1.01E-03 3.43E-05 611,339 4,268,314 10
57 GRID 1.88 1.15E-03 3.38E-05 611,439 4,268,314 10
58 GRID 2.14 1.31E-03 3.64E-05 611,539 4,268,314 10
59 GRID 2.34 1.43E-03 3.82E-05 611,639 4,268,314 10

Hazard Indices UTM Coordinates
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LSA Associates, Inc. HARP Modeling Results

Receptor Type Cancer Risk ZONE
# in a million Chronic Acute Easting Northing

Hazard Indices UTM Coordinates

60 GRID 2.46 1.50E-03 3.74E-05 611,739 4,268,314 10
61 GRID 2.54 1.55E-03 3.75E-05 611,839 4,268,314 10
62 GRID 2.54 1.55E-03 4.16E-05 611,939 4,268,314 10
63 GRID 2.45 1.49E-03 4.03E-05 612,039 4,268,314 10
64 GRID 2.29 1.40E-03 3.93E-05 612,139 4,268,314 10
65 GRID 2.1 1.29E-03 3.75E-05 612,239 4,268,314 10
66 GRID 1.88 1.15E-03 3.41E-05 612,339 4,268,314 10
67 GRID 1.68 1.02E-03 3.08E-05 612,439 4,268,314 10
68 GRID 1.55 9.44E-04 2.97E-05 612,539 4,268,314 10
69 GRID 1.37 8.36E-04 2.82E-05 612,639 4,268,314 10
70 GRID 1.2 7.30E-04 2.60E-05 612,739 4,268,314 10
71 GRID 1.01 6.19E-04 2.34E-05 612,839 4,268,314 10
72 GRID 0.853 5.21E-04 2.11E-05 612,939 4,268,314 10
73 GRID 0.715 4.37E-04 2.01E-05 613,039 4,268,314 10
74 GRID 0.595 3.63E-04 2.05E-05 613,139 4,268,314 10
75 GRID 0.479 2.92E-04 1.91E-05 613,239 4,268,314 10
76 GRID 0.63 3.85E-04 2.32E-05 610,839 4,268,214 10
77 GRID 0.741 4.53E-04 2.55E-05 610,939 4,268,214 10
78 GRID 0.895 5.46E-04 2.86E-05 611,039 4,268,214 10
79 GRID 1.15 7.02E-04 3.32E-05 611,139 4,268,214 10
80 GRID 1.42 8.65E-04 3.56E-05 611,239 4,268,214 10
81 GRID 1.72 1.05E-03 3.73E-05 611,339 4,268,214 10
82 GRID 2.03 1.24E-03 3.92E-05 611,439 4,268,214 10
83 GRID 2.39 1.46E-03 4.14E-05 611,539 4,268,214 10
84 GRID 2.7 1.65E-03 4.33E-05 611,639 4,268,214 10
85 GRID 2.99 1.82E-03 4.62E-05 611,739 4,268,214 10
86 GRID 3.1 1.90E-03 4.53E-05 611,839 4,268,214 10
87 GRID 3.13 1.91E-03 4.68E-05 611,939 4,268,214 10
88 GRID 3.03 1.85E-03 4.88E-05 612,039 4,268,214 10
89 GRID 2.84 1.74E-03 4.68E-05 612,139 4,268,214 10
90 GRID 2.61 1.60E-03 4.39E-05 612,239 4,268,214 10
91 GRID 2.31 1.41E-03 4.13E-05 612,339 4,268,214 10
92 GRID 2.01 1.23E-03 3.61E-05 612,439 4,268,214 10
93 GRID 1.81 1.10E-03 3.37E-05 612,539 4,268,214 10
94 GRID 1.56 9.54E-04 3.20E-05 612,639 4,268,214 10
95 GRID 1.31 8.01E-04 2.83E-05 612,739 4,268,214 10
96 GRID 1.07 6.54E-04 2.61E-05 612,839 4,268,214 10
97 GRID 0.869 5.31E-04 2.46E-05 612,939 4,268,214 10
98 GRID 0.703 4.29E-04 2.40E-05 613,039 4,268,214 10
99 GRID 0.55 3.36E-04 2.15E-05 613,139 4,268,214 10
100 GRID 0.442 2.70E-04 1.76E-05 613,239 4,268,214 10
101 GRID 0.587 3.59E-04 2.20E-05 610,839 4,268,114 10
102 GRID 0.707 4.32E-04 2.62E-05 610,939 4,268,114 10
103 GRID 0.859 5.25E-04 2.90E-05 611,039 4,268,114 10
104 GRID 1.07 6.53E-04 3.21E-05 611,139 4,268,114 10
105 GRID 1.41 8.59E-04 3.87E-05 611,239 4,268,114 10
106 GRID 1.77 1.08E-03 4.27E-05 611,339 4,268,114 10
107 GRID 2.17 1.32E-03 4.41E-05 611,439 4,268,114 10
108 GRID 2.62 1.60E-03 4.79E-05 611,539 4,268,114 10
109 GRID 3.1 1.89E-03 5.22E-05 611,639 4,268,114 10
110 GRID 3.56 2.17E-03 5.20E-05 611,739 4,268,114 10
111 GRID 3.9 2.38E-03 5.72E-05 611,839 4,268,114 10
112 GRID 3.95 2.41E-03 5.81E-05 611,939 4,268,114 10
113 GRID 3.88 2.37E-03 5.59E-05 612,039 4,268,114 10
114 GRID 3.67 2.24E-03 5.80E-05 612,139 4,268,114 10
115 GRID 3.36 2.05E-03 5.43E-05 612,239 4,268,114 10
116 GRID 2.91 1.78E-03 4.88E-05 612,339 4,268,114 10
117 GRID 2.47 1.51E-03 4.39E-05 612,439 4,268,114 10
118 GRID 2.13 1.30E-03 4.03E-05 612,539 4,268,114 10
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LSA Associates, Inc. HARP Modeling Results

Receptor Type Cancer Risk ZONE
# in a million Chronic Acute Easting Northing

Hazard Indices UTM Coordinates

119 GRID 1.78 1.09E-03 3.71E-05 612,639 4,268,114 10
120 GRID 1.4 8.58E-04 3.37E-05 612,739 4,268,114 10
121 GRID 1.09 6.69E-04 3.07E-05 612,839 4,268,114 10
122 GRID 0.851 5.20E-04 2.80E-05 612,939 4,268,114 10
123 GRID 0.642 3.92E-04 2.47E-05 613,039 4,268,114 10
124 GRID 0.501 3.06E-04 1.95E-05 613,139 4,268,114 10
125 GRID 0.398 2.43E-04 1.78E-05 613,239 4,268,114 10
126 GRID 0.557 3.40E-04 2.24E-05 610,839 4,268,014 10
127 GRID 0.655 4.00E-04 2.46E-05 610,939 4,268,014 10
128 GRID 0.795 4.86E-04 2.88E-05 611,039 4,268,014 10
129 GRID 0.999 6.10E-04 3.34E-05 611,139 4,268,014 10
130 GRID 1.3 7.95E-04 3.78E-05 611,239 4,268,014 10
131 GRID 1.78 1.08E-03 4.45E-05 611,339 4,268,014 10
132 GRID 2.29 1.40E-03 5.16E-05 611,439 4,268,014 10
133 GRID 2.86 1.74E-03 5.43E-05 611,539 4,268,014 10
134 GRID 3.53 2.16E-03 5.91E-05 611,639 4,268,014 10
135 GRID 4.24 2.59E-03 6.55E-05 611,739 4,268,014 10
136 GRID 4.89 2.99E-03 6.87E-05 611,839 4,268,014 10
137 GRID 5.2 3.17E-03 7.47E-05 611,939 4,268,014 10
138 GRID 5.17 3.16E-03 6.96E-05 612,039 4,268,014 10
139 GRID 4.94 3.02E-03 7.05E-05 612,139 4,268,014 10
140 GRID 4.48 2.74E-03 6.86E-05 612,239 4,268,014 10
141 GRID 3.77 2.30E-03 6.25E-05 612,339 4,268,014 10
142 GRID 3.12 1.90E-03 5.20E-05 612,439 4,268,014 10
143 GRID 2.56 1.56E-03 4.76E-05 612,539 4,268,014 10
144 GRID 1.96 1.20E-03 4.36E-05 612,639 4,268,014 10
145 GRID 1.45 8.83E-04 3.81E-05 612,739 4,268,014 10
146 GRID 1.06 6.49E-04 3.39E-05 612,839 4,268,014 10
147 GRID 0.765 4.67E-04 2.88E-05 612,939 4,268,014 10
148 GRID 0.574 3.51E-04 2.34E-05 613,039 4,268,014 10
149 GRID 0.443 2.71E-04 2.20E-05 613,139 4,268,014 10
150 GRID 0.356 2.17E-04 1.86E-05 613,239 4,268,014 10
151 GRID 0.489 2.99E-04 1.91E-05 610,839 4,267,914 10
152 GRID 0.604 3.69E-04 2.43E-05 610,939 4,267,914 10
153 GRID 0.738 4.51E-04 2.79E-05 611,039 4,267,914 10
154 GRID 0.915 5.59E-04 3.19E-05 611,139 4,267,914 10
155 GRID 1.19 7.24E-04 3.81E-05 611,239 4,267,914 10
156 GRID 1.62 9.91E-04 4.43E-05 611,339 4,267,914 10
157 GRID 2.32 1.42E-03 5.44E-05 611,439 4,267,914 10
158 GRID 3.12 1.90E-03 6.11E-05 611,539 4,267,914 10
159 GRID 4.06 2.48E-03 7.01E-05 611,639 4,267,914 10
160 GRID 5.07 3.10E-03 7.79E-05 611,739 4,267,914 10
161 GRID 6.14 3.75E-03 8.67E-05 611,839 4,267,914 10
162 GRID 6.89 4.21E-03 9.36E-05 611,939 4,267,914 10
163 GRID 7.25 4.43E-03 9.07E-05 612,039 4,267,914 10
164 GRID 7.02 4.28E-03 9.36E-05 612,139 4,267,914 10
165 GRID 6.29 3.84E-03 8.60E-05 612,239 4,267,914 10
166 GRID 5.14 3.14E-03 8.07E-05 612,339 4,267,914 10
167 GRID 3.99 2.44E-03 6.38E-05 612,439 4,267,914 10
168 GRID 2.99 1.82E-03 5.83E-05 612,539 4,267,914 10
169 GRID 2.05 1.25E-03 4.93E-05 612,639 4,267,914 10
170 GRID 1.39 8.47E-04 4.25E-05 612,739 4,267,914 10
171 GRID 0.933 5.70E-04 3.47E-05 612,839 4,267,914 10
172 GRID 0.666 4.07E-04 3.03E-05 612,939 4,267,914 10
173 GRID 0.503 3.07E-04 2.44E-05 613,039 4,267,914 10
174 GRID 0.407 2.48E-04 1.77E-05 613,139 4,267,914 10
175 GRID 0.351 2.14E-04 1.59E-05 613,239 4,267,914 10
176 GRID 0.391 2.39E-04 1.78E-05 610,839 4,267,814 10
177 GRID 0.492 3.00E-04 2.07E-05 610,939 4,267,814 10
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178 GRID 0.634 3.87E-04 2.49E-05 611,039 4,267,814 10
179 GRID 0.819 5.00E-04 3.15E-05 611,139 4,267,814 10
180 GRID 1.06 6.47E-04 3.57E-05 611,239 4,267,814 10
181 GRID 1.44 8.81E-04 4.47E-05 611,339 4,267,814 10
182 GRID 2.13 1.30E-03 5.43E-05 611,439 4,267,814 10
183 GRID 3.22 1.97E-03 6.76E-05 611,539 4,267,814 10
184 GRID 4.54 2.77E-03 7.83E-05 611,639 4,267,814 10
185 GRID 6.16 3.76E-03 9.08E-05 611,739 4,267,814 10
186 GRID 7.88 4.81E-03 1.06E-04 611,839 4,267,814 10
187 GRID 9.3 5.68E-03 1.24E-04 611,939 4,267,814 10
188 GRID 10.4 6.38E-03 1.22E-04 612,039 4,267,814 10
189 GRID 10.9 6.63E-03 1.28E-04 612,139 4,267,814 10
190 GRID 9.61 5.87E-03 1.16E-04 612,239 4,267,814 10
191 GRID 7.46 4.56E-03 1.08E-04 612,339 4,267,814 10
192 GRID 5.21 3.18E-03 8.62E-05 612,439 4,267,814 10
193 GRID 3.25 1.99E-03 6.74E-05 612,539 4,267,814 10
194 GRID 1.92 1.17E-03 5.84E-05 612,639 4,267,814 10
195 GRID 1.17 7.16E-04 4.59E-05 612,739 4,267,814 10
196 GRID 0.796 4.86E-04 3.46E-05 612,839 4,267,814 10
197 GRID 0.609 3.72E-04 2.51E-05 612,939 4,267,814 10
198 GRID 0.509 3.11E-04 2.60E-05 613,039 4,267,814 10
199 GRID 0.431 2.63E-04 3.14E-05 613,139 4,267,814 10
200 GRID 0.352 2.15E-04 2.90E-05 613,239 4,267,814 10
201 GRID 0.331 2.02E-04 1.73E-05 610,839 4,267,714 10
202 GRID 0.4 2.45E-04 1.92E-05 610,939 4,267,714 10
203 GRID 0.498 3.04E-04 2.22E-05 611,039 4,267,714 10
204 GRID 0.654 3.99E-04 2.63E-05 611,139 4,267,714 10
205 GRID 0.897 5.48E-04 3.40E-05 611,239 4,267,714 10
206 GRID 1.24 7.58E-04 4.35E-05 611,339 4,267,714 10
207 GRID 1.8 1.10E-03 5.44E-05 611,439 4,267,714 10
208 GRID 2.96 1.81E-03 6.94E-05 611,539 4,267,714 10
209 GRID 4.88 2.98E-03 8.77E-05 611,639 4,267,714 10
210 GRID 7.4 4.52E-03 1.07E-04 611,739 4,267,714 10
211 GRID 10.4 6.37E-03 1.32E-04 611,839 4,267,714 10
212 GRID 13.1 8.01E-03 1.56E-04 611,939 4,267,714 10
213 GRID 15.8 9.66E-03 1.73E-04 612,039 4,267,714 10
214 GRID 17.5 1.07E-02 1.72E-04 612,139 4,267,714 10
215 GRID 17.5 1.07E-02 1.71E-04 612,239 4,267,714 10
216 GRID 12.1 7.39E-03 1.44E-04 612,339 4,267,714 10
217 GRID 6.54 3.99E-03 1.07E-04 612,439 4,267,714 10
218 GRID 2.96 1.81E-03 8.57E-05 612,539 4,267,714 10
219 GRID 1.57 9.56E-04 5.82E-05 612,639 4,267,714 10
220 GRID 1.05 6.44E-04 4.79E-05 612,739 4,267,714 10
221 GRID 0.791 4.83E-04 5.57E-05 612,839 4,267,714 10
222 GRID 0.569 3.48E-04 4.42E-05 612,939 4,267,714 10
223 GRID 0.396 2.42E-04 3.53E-05 613,039 4,267,714 10
224 GRID 0.289 1.77E-04 2.58E-05 613,139 4,267,714 10
225 GRID 0.232 1.41E-04 1.84E-05 613,239 4,267,714 10
226 GRID 0.265 1.62E-04 1.70E-05 610,839 4,267,614 10
227 GRID 0.315 1.92E-04 1.91E-05 610,939 4,267,614 10
228 GRID 0.389 2.37E-04 2.20E-05 611,039 4,267,614 10
229 GRID 0.497 3.04E-04 2.59E-05 611,139 4,267,614 10
230 GRID 0.659 4.02E-04 3.07E-05 611,239 4,267,614 10
231 GRID 0.94 5.74E-04 3.82E-05 611,339 4,267,614 10
232 GRID 1.45 8.83E-04 5.25E-05 611,439 4,267,614 10
233 GRID 2.36 1.44E-03 6.81E-05 611,539 4,267,614 10
234 GRID 4.6 2.81E-03 9.45E-05 611,639 4,267,614 10
235 GRID 8.93 5.46E-03 1.27E-04 611,739 4,267,614 10
236 GRID 14.7 9.00E-03 1.70E-04 611,839 4,267,614 10
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237 GRID 20.3 1.24E-02 2.10E-04 611,939 4,267,614 10
238 GRID 26.3 1.60E-02 2.46E-04 612,039 4,267,614 10
239 GRID 31.8 1.94E-02 2.52E-04 612,139 4,267,614 10
240 GRID 38.5 2.35E-02 2.64E-04 612,239 4,267,614 10
241 GRID 29.2 1.78E-02 2.20E-04 612,339 4,267,614 10
242 GRID 5.96 3.64E-03 1.56E-04 612,439 4,267,614 10
243 GRID 2.39 1.46E-03 1.39E-04 612,539 4,267,614 10
244 GRID 1.24 7.57E-04 8.76E-05 612,639 4,267,614 10
245 GRID 0.782 4.77E-04 5.33E-05 612,739 4,267,614 10
246 GRID 0.601 3.67E-04 4.35E-05 612,839 4,267,614 10
247 GRID 0.504 3.08E-04 4.13E-05 612,939 4,267,614 10
248 GRID 0.438 2.68E-04 4.01E-05 613,039 4,267,614 10
249 GRID 0.387 2.36E-04 3.82E-05 613,139 4,267,614 10
250 GRID 0.345 2.10E-04 3.59E-05 613,239 4,267,614 10
251 GRID 0.19 1.16E-04 1.51E-05 610,839 4,267,514 10
252 GRID 0.228 1.39E-04 1.73E-05 610,939 4,267,514 10
253 GRID 0.278 1.70E-04 1.97E-05 611,039 4,267,514 10
254 GRID 0.347 2.12E-04 2.29E-05 611,139 4,267,514 10
255 GRID 0.447 2.73E-04 2.76E-05 611,239 4,267,514 10
256 GRID 0.607 3.71E-04 3.38E-05 611,339 4,267,514 10
257 GRID 0.895 5.47E-04 4.43E-05 611,439 4,267,514 10
258 GRID 1.52 9.27E-04 5.83E-05 611,539 4,267,514 10
259 GRID 3.1 1.89E-03 8.58E-05 611,639 4,267,514 10
260 GRID 9.17 5.60E-03 1.33E-04 611,739 4,267,514 10
261 GRID 24.5 1.50E-02 2.27E-04 611,839 4,267,514 10
262 GRID 38.6 2.36E-02 2.63E-04 611,939 4,267,514 10
263 GRID 60.1 3.67E-02 3.37E-04 612,039 4,267,514 10
264 GRID 52.2 3.19E-02 3.49E-04 612,139 4,267,514 10
265 GRID 51.1 3.12E-02 5.45E-04 612,239 4,267,514 10
266 GRID 16.9 1.03E-02 2.31E-04 612,339 4,267,514 10
267 GRID 4.89 2.99E-03 1.41E-04 612,439 4,267,514 10
268 GRID 2.16 1.32E-03 1.01E-04 612,539 4,267,514 10
269 GRID 1.36 8.33E-04 7.80E-05 612,639 4,267,514 10
270 GRID 0.964 5.89E-04 6.15E-05 612,739 4,267,514 10
271 GRID 0.725 4.43E-04 4.96E-05 612,839 4,267,514 10
272 GRID 0.568 3.47E-04 4.03E-05 612,939 4,267,514 10
273 GRID 0.459 2.80E-04 3.29E-05 613,039 4,267,514 10
274 GRID 0.38 2.32E-04 2.73E-05 613,139 4,267,514 10
275 GRID 0.321 1.96E-04 2.31E-05 613,239 4,267,514 10
276 GRID 0.152 9.29E-05 1.55E-05 610,839 4,267,414 10
277 GRID 0.179 1.10E-04 1.78E-05 610,939 4,267,414 10
278 GRID 0.216 1.32E-04 2.05E-05 611,039 4,267,414 10
279 GRID 0.265 1.62E-04 2.39E-05 611,139 4,267,414 10
280 GRID 0.335 2.05E-04 2.83E-05 611,239 4,267,414 10
281 GRID 0.44 2.68E-04 3.46E-05 611,339 4,267,414 10
282 GRID 0.605 3.69E-04 4.40E-05 611,439 4,267,414 10
283 GRID 0.894 5.46E-04 5.80E-05 611,539 4,267,414 10
284 GRID 1.52 9.27E-04 8.17E-05 611,639 4,267,414 10
285 GRID 4.13 2.52E-03 1.24E-04 611,739 4,267,414 10
286 GRID 45.9 2.80E-02 2.70E-04 611,839 4,267,414 10
287 GRID 24.1 1.47E-02 3.36E-04 611,939 4,267,414 10
288 GRID 19.4 1.18E-02 2.81E-04 612,039 4,267,414 10
289 GRID 13.6 8.31E-03 2.33E-04 612,139 4,267,414 10
290 GRID 10.4 6.36E-03 1.79E-04 612,239 4,267,414 10
291 GRID 7.7 4.70E-03 1.31E-04 612,339 4,267,414 10
292 GRID 4.46 2.72E-03 9.71E-05 612,439 4,267,414 10
293 GRID 2.31 1.41E-03 7.11E-05 612,539 4,267,414 10
294 GRID 1.34 8.17E-04 5.52E-05 612,639 4,267,414 10
295 GRID 0.892 5.45E-04 3.98E-05 612,739 4,267,414 10
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296 GRID 0.663 4.05E-04 3.41E-05 612,839 4,267,414 10
297 GRID 0.52 3.18E-04 2.91E-05 612,939 4,267,414 10
298 GRID 0.422 2.58E-04 2.46E-05 613,039 4,267,414 10
299 GRID 0.35 2.14E-04 2.14E-05 613,139 4,267,414 10
300 GRID 0.296 1.81E-04 1.87E-05 613,239 4,267,414 10
301 GRID 0.19 1.16E-04 1.82E-05 610,839 4,267,314 10
302 GRID 0.22 1.34E-04 2.03E-05 610,939 4,267,314 10
303 GRID 0.254 1.55E-04 2.24E-05 611,039 4,267,314 10
304 GRID 0.295 1.80E-04 2.52E-05 611,139 4,267,314 10
305 GRID 0.343 2.09E-04 2.97E-05 611,239 4,267,314 10
306 GRID 0.406 2.48E-04 3.57E-05 611,339 4,267,314 10
307 GRID 0.512 3.13E-04 4.47E-05 611,439 4,267,314 10
308 GRID 0.751 4.58E-04 4.96E-05 611,539 4,267,314 10
309 GRID 1.3 7.97E-04 8.28E-05 611,639 4,267,314 10
310 GRID 2.13 1.30E-03 1.29E-04 611,739 4,267,314 10
311 GRID 5.63 3.44E-03 1.66E-04 611,839 4,267,314 10
312 GRID 7.91 4.83E-03 1.89E-04 611,939 4,267,314 10
313 GRID 7.65 4.67E-03 1.75E-04 612,039 4,267,314 10
314 GRID 6.7 4.09E-03 1.60E-04 612,139 4,267,314 10
315 GRID 5.77 3.52E-03 1.32E-04 612,239 4,267,314 10
316 GRID 4.72 2.88E-03 1.06E-04 612,339 4,267,314 10
317 GRID 3.49 2.13E-03 8.55E-05 612,439 4,267,314 10
318 GRID 2.24 1.37E-03 6.52E-05 612,539 4,267,314 10
319 GRID 1.47 8.97E-04 5.12E-05 612,639 4,267,314 10
320 GRID 0.99 6.05E-04 4.36E-05 612,739 4,267,314 10
321 GRID 0.693 4.23E-04 3.57E-05 612,839 4,267,314 10
322 GRID 0.523 3.19E-04 2.79E-05 612,939 4,267,314 10
323 GRID 0.421 2.57E-04 2.42E-05 613,039 4,267,314 10
324 GRID 0.35 2.13E-04 2.19E-05 613,139 4,267,314 10
325 GRID 0.298 1.82E-04 1.95E-05 613,239 4,267,314 10
326 GRID 0.154 9.43E-05 1.71E-05 610,839 4,267,214 10
327 GRID 0.167 1.02E-04 1.96E-05 610,939 4,267,214 10
328 GRID 0.19 1.16E-04 2.21E-05 611,039 4,267,214 10
329 GRID 0.233 1.42E-04 2.18E-05 611,139 4,267,214 10
330 GRID 0.312 1.90E-04 2.89E-05 611,239 4,267,214 10
331 GRID 0.426 2.60E-04 3.37E-05 611,339 4,267,214 10
332 GRID 0.564 3.44E-04 4.35E-05 611,439 4,267,214 10
333 GRID 0.744 4.54E-04 6.66E-05 611,539 4,267,214 10
334 GRID 0.916 5.60E-04 7.75E-05 611,639 4,267,214 10
335 GRID 1.35 8.22E-04 9.18E-05 611,739 4,267,214 10
336 GRID 2.17 1.33E-03 1.07E-04 611,839 4,267,214 10
337 GRID 3.56 2.17E-03 1.21E-04 611,939 4,267,214 10
338 GRID 4.01 2.45E-03 1.12E-04 612,039 4,267,214 10
339 GRID 4.13 2.52E-03 1.07E-04 612,139 4,267,214 10
340 GRID 3.71 2.27E-03 9.78E-05 612,239 4,267,214 10
341 GRID 3.28 2.00E-03 7.95E-05 612,339 4,267,214 10
342 GRID 2.73 1.67E-03 7.16E-05 612,439 4,267,214 10
343 GRID 2.01 1.23E-03 5.69E-05 612,539 4,267,214 10
344 GRID 1.43 8.72E-04 4.71E-05 612,639 4,267,214 10
345 GRID 1.04 6.36E-04 3.90E-05 612,739 4,267,214 10
346 GRID 0.769 4.70E-04 3.43E-05 612,839 4,267,214 10
347 GRID 0.573 3.50E-04 3.05E-05 612,939 4,267,214 10
348 GRID 0.439 2.68E-04 2.53E-05 613,039 4,267,214 10
349 GRID 0.354 2.16E-04 2.08E-05 613,139 4,267,214 10
350 GRID 0.299 1.82E-04 1.87E-05 613,239 4,267,214 10
351 GRID 0.145 8.88E-05 1.35E-05 610,839 4,267,114 10
352 GRID 0.183 1.12E-04 1.93E-05 610,939 4,267,114 10
353 GRID 0.227 1.38E-04 1.99E-05 611,039 4,267,114 10
354 GRID 0.267 1.63E-04 2.37E-05 611,139 4,267,114 10
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355 GRID 0.33 2.01E-04 2.76E-05 611,239 4,267,114 10
356 GRID 0.42 2.56E-04 4.30E-05 611,339 4,267,114 10
357 GRID 0.447 2.73E-04 4.69E-05 611,439 4,267,114 10
358 GRID 0.525 3.21E-04 5.00E-05 611,539 4,267,114 10
359 GRID 0.631 3.86E-04 5.50E-05 611,639 4,267,114 10
360 GRID 0.991 6.05E-04 6.91E-05 611,739 4,267,114 10
361 GRID 1.33 8.12E-04 8.58E-05 611,839 4,267,114 10
362 GRID 1.94 1.19E-03 8.48E-05 611,939 4,267,114 10
363 GRID 2.46 1.50E-03 8.78E-05 612,039 4,267,114 10
364 GRID 2.59 1.58E-03 8.33E-05 612,139 4,267,114 10
365 GRID 2.55 1.56E-03 7.05E-05 612,239 4,267,114 10
366 GRID 2.41 1.47E-03 6.30E-05 612,339 4,267,114 10
367 GRID 2.14 1.31E-03 6.08E-05 612,439 4,267,114 10
368 GRID 1.75 1.07E-03 5.41E-05 612,539 4,267,114 10
369 GRID 1.34 8.17E-04 4.35E-05 612,639 4,267,114 10
370 GRID 1.02 6.22E-04 3.67E-05 612,739 4,267,114 10
371 GRID 0.793 4.84E-04 3.05E-05 612,839 4,267,114 10
372 GRID 0.621 3.79E-04 2.68E-05 612,939 4,267,114 10
373 GRID 0.485 2.96E-04 2.46E-05 613,039 4,267,114 10
374 GRID 0.384 2.34E-04 2.29E-05 613,139 4,267,114 10
375 GRID 0.309 1.88E-04 1.95E-05 613,239 4,267,114 10
376 GRID 0.166 1.02E-04 1.63E-05 610,839 4,267,014 10
377 GRID 0.186 1.14E-04 1.62E-05 610,939 4,267,014 10
378 GRID 0.225 1.37E-04 1.99E-05 611,039 4,267,014 10
379 GRID 0.277 1.69E-04 3.02E-05 611,139 4,267,014 10
380 GRID 0.297 1.81E-04 3.45E-05 611,239 4,267,014 10
381 GRID 0.296 1.81E-04 3.22E-05 611,339 4,267,014 10
382 GRID 0.342 2.09E-04 3.34E-05 611,439 4,267,014 10
383 GRID 0.398 2.43E-04 4.00E-05 611,539 4,267,014 10
384 GRID 0.557 3.40E-04 4.68E-05 611,639 4,267,014 10
385 GRID 0.74 4.52E-04 5.63E-05 611,739 4,267,014 10
386 GRID 0.921 5.62E-04 6.24E-05 611,839 4,267,014 10
387 GRID 1.24 7.58E-04 6.12E-05 611,939 4,267,014 10
388 GRID 1.6 9.77E-04 6.36E-05 612,039 4,267,014 10
389 GRID 1.77 1.08E-03 6.10E-05 612,139 4,267,014 10
390 GRID 1.8 1.10E-03 5.79E-05 612,239 4,267,014 10
391 GRID 1.78 1.09E-03 5.20E-05 612,339 4,267,014 10
392 GRID 1.68 1.02E-03 4.71E-05 612,439 4,267,014 10
393 GRID 1.48 9.03E-04 4.49E-05 612,539 4,267,014 10
394 GRID 1.21 7.40E-04 3.83E-05 612,639 4,267,014 10
395 GRID 0.972 5.94E-04 3.42E-05 612,739 4,267,014 10
396 GRID 0.779 4.76E-04 3.02E-05 612,839 4,267,014 10
397 GRID 0.636 3.88E-04 2.54E-05 612,939 4,267,014 10
398 GRID 0.52 3.18E-04 2.29E-05 613,039 4,267,014 10
399 GRID 0.422 2.58E-04 2.10E-05 613,139 4,267,014 10
400 GRID 0.344 2.10E-04 1.92E-05 613,239 4,267,014 10
401 GRID 0.167 1.02E-04 1.56E-05 610,839 4,266,914 10
402 GRID 0.201 1.22E-04 2.26E-05 610,939 4,266,914 10
403 GRID 0.22 1.35E-04 2.74E-05 611,039 4,266,914 10
404 GRID 0.208 1.27E-04 2.48E-05 611,139 4,266,914 10
405 GRID 0.209 1.28E-04 2.37E-05 611,239 4,266,914 10
406 GRID 0.247 1.51E-04 2.47E-05 611,339 4,266,914 10
407 GRID 0.288 1.76E-04 3.07E-05 611,439 4,266,914 10
408 GRID 0.357 2.18E-04 3.60E-05 611,539 4,266,914 10
409 GRID 0.481 2.94E-04 4.13E-05 611,639 4,266,914 10
410 GRID 0.579 3.53E-04 4.60E-05 611,739 4,266,914 10
411 GRID 0.7 4.28E-04 4.81E-05 611,839 4,266,914 10
412 GRID 0.894 5.46E-04 4.91E-05 611,939 4,266,914 10
413 GRID 1.1 6.69E-04 4.83E-05 612,039 4,266,914 10
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414 GRID 1.25 7.62E-04 5.04E-05 612,139 4,266,914 10
415 GRID 1.34 8.18E-04 4.55E-05 612,239 4,266,914 10
416 GRID 1.35 8.27E-04 4.45E-05 612,339 4,266,914 10
417 GRID 1.32 8.04E-04 4.10E-05 612,439 4,266,914 10
418 GRID 1.21 7.40E-04 3.78E-05 612,539 4,266,914 10
419 GRID 1.06 6.47E-04 3.41E-05 612,639 4,266,914 10
420 GRID 0.896 5.47E-04 3.07E-05 612,739 4,266,914 10
421 GRID 0.748 4.57E-04 2.81E-05 612,839 4,266,914 10
422 GRID 0.624 3.81E-04 2.54E-05 612,939 4,266,914 10
423 GRID 0.526 3.21E-04 2.17E-05 613,039 4,266,914 10
424 GRID 0.445 2.72E-04 2.00E-05 613,139 4,266,914 10
425 GRID 0.374 2.28E-04 1.85E-05 613,239 4,266,914 10
426 GRID 0.171 1.04E-04 2.17E-05 610,839 4,266,814 10
427 GRID 0.166 1.01E-04 2.09E-05 610,939 4,266,814 10
428 GRID 0.151 9.23E-05 1.79E-05 611,039 4,266,814 10
429 GRID 0.159 9.71E-05 1.79E-05 611,139 4,266,814 10
430 GRID 0.195 1.19E-04 2.05E-05 611,239 4,266,814 10
431 GRID 0.223 1.36E-04 2.43E-05 611,339 4,266,814 10
432 GRID 0.251 1.53E-04 2.76E-05 611,439 4,266,814 10
433 GRID 0.32 1.96E-04 3.01E-05 611,539 4,266,814 10
434 GRID 0.409 2.50E-04 3.44E-05 611,639 4,266,814 10
435 GRID 0.476 2.91E-04 4.03E-05 611,739 4,266,814 10
436 GRID 0.559 3.41E-04 3.87E-05 611,839 4,266,814 10
437 GRID 0.671 4.10E-04 3.96E-05 611,939 4,266,814 10
438 GRID 0.789 4.82E-04 3.78E-05 612,039 4,266,814 10
439 GRID 0.913 5.58E-04 3.98E-05 612,139 4,266,814 10
440 GRID 1.02 6.21E-04 3.85E-05 612,239 4,266,814 10
441 GRID 1.06 6.48E-04 3.56E-05 612,339 4,266,814 10
442 GRID 1.06 6.45E-04 3.47E-05 612,439 4,266,814 10
443 GRID 0.997 6.09E-04 3.43E-05 612,539 4,266,814 10
444 GRID 0.915 5.59E-04 3.21E-05 612,639 4,266,814 10
445 GRID 0.794 4.85E-04 2.68E-05 612,739 4,266,814 10
446 GRID 0.69 4.22E-04 2.47E-05 612,839 4,266,814 10
447 GRID 0.595 3.63E-04 2.26E-05 612,939 4,266,814 10
448 GRID 0.517 3.15E-04 2.14E-05 613,039 4,266,814 10
449 GRID 0.447 2.73E-04 1.86E-05 613,139 4,266,814 10
450 GRID 0.386 2.36E-04 1.73E-05 613,239 4,266,814 10
451 GRID 0.123 7.53E-05 1.53E-05 610,839 4,266,714 10
452 GRID 0.115 7.04E-05 1.36E-05 610,939 4,266,714 10
453 GRID 0.13 7.94E-05 1.47E-05 611,039 4,266,714 10
454 GRID 0.161 9.83E-05 1.78E-05 611,139 4,266,714 10
455 GRID 0.18 1.10E-04 1.99E-05 611,239 4,266,714 10
456 GRID 0.196 1.20E-04 2.27E-05 611,339 4,266,714 10
457 GRID 0.228 1.39E-04 2.44E-05 611,439 4,266,714 10
458 GRID 0.285 1.74E-04 2.64E-05 611,539 4,266,714 10
459 GRID 0.356 2.17E-04 3.02E-05 611,639 4,266,714 10
460 GRID 0.401 2.45E-04 3.14E-05 611,739 4,266,714 10
461 GRID 0.461 2.81E-04 3.40E-05 611,839 4,266,714 10
462 GRID 0.517 3.16E-04 3.21E-05 611,939 4,266,714 10
463 GRID 0.595 3.63E-04 3.21E-05 612,039 4,266,714 10
464 GRID 0.694 4.24E-04 3.24E-05 612,139 4,266,714 10
465 GRID 0.788 4.81E-04 2.96E-05 612,239 4,266,714 10
466 GRID 0.847 5.17E-04 3.07E-05 612,339 4,266,714 10
467 GRID 0.865 5.28E-04 2.96E-05 612,439 4,266,714 10
468 GRID 0.834 5.09E-04 2.97E-05 612,539 4,266,714 10
469 GRID 0.784 4.79E-04 2.85E-05 612,639 4,266,714 10
470 GRID 0.703 4.30E-04 2.52E-05 612,739 4,266,714 10
471 GRID 0.624 3.81E-04 2.26E-05 612,839 4,266,714 10
472 GRID 0.552 3.37E-04 2.06E-05 612,939 4,266,714 10
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473 GRID 0.485 2.96E-04 1.86E-05 613,039 4,266,714 10
474 GRID 0.434 2.65E-04 1.79E-05 613,139 4,266,714 10
475 GRID 0.386 2.36E-04 1.63E-05 613,239 4,266,714 10
476 GRID 0.0935 5.71E-05 1.09E-05 610,839 4,266,614 10
477 GRID 0.112 6.82E-05 1.32E-05 610,939 4,266,614 10
478 GRID 0.137 8.37E-05 1.53E-05 611,039 4,266,614 10
479 GRID 0.151 9.21E-05 1.65E-05 611,139 4,266,614 10
480 GRID 0.159 9.72E-05 1.89E-05 611,239 4,266,614 10
481 GRID 0.169 1.03E-04 1.99E-05 611,339 4,266,614 10
482 GRID 0.211 1.29E-04 2.18E-05 611,439 4,266,614 10
483 GRID 0.265 1.62E-04 2.45E-05 611,539 4,266,614 10
484 GRID 0.312 1.91E-04 2.53E-05 611,639 4,266,614 10
485 GRID 0.347 2.12E-04 2.71E-05 611,739 4,266,614 10
486 GRID 0.379 2.31E-04 2.83E-05 611,839 4,266,614 10
487 GRID 0.414 2.53E-04 2.83E-05 611,939 4,266,614 10
488 GRID 0.466 2.85E-04 2.61E-05 612,039 4,266,614 10
489 GRID 0.539 3.29E-04 2.64E-05 612,139 4,266,614 10
490 GRID 0.628 3.83E-04 2.62E-05 612,239 4,266,614 10
491 GRID 0.68 4.15E-04 2.59E-05 612,339 4,266,614 10
492 GRID 0.716 4.37E-04 2.55E-05 612,439 4,266,614 10
493 GRID 0.707 4.32E-04 2.53E-05 612,539 4,266,614 10
494 GRID 0.677 4.14E-04 2.55E-05 612,639 4,266,614 10
495 GRID 0.629 3.84E-04 2.42E-05 612,739 4,266,614 10
496 GRID 0.562 3.43E-04 2.09E-05 612,839 4,266,614 10
497 GRID 0.507 3.10E-04 1.98E-05 612,939 4,266,614 10
498 GRID 0.454 2.77E-04 1.77E-05 613,039 4,266,614 10
499 GRID 0.405 2.47E-04 1.57E-05 613,139 4,266,614 10
500 GRID 0.368 2.25E-04 1.48E-05 613,239 4,266,614 10
501 GRID 0.0986 6.02E-05 1.18E-05 610,839 4,266,514 10
502 GRID 0.119 7.24E-05 1.35E-05 610,939 4,266,514 10
503 GRID 0.129 7.86E-05 1.42E-05 611,039 4,266,514 10
504 GRID 0.133 8.10E-05 1.59E-05 611,139 4,266,514 10
505 GRID 0.135 8.26E-05 1.67E-05 611,239 4,266,514 10
506 GRID 0.159 9.74E-05 1.83E-05 611,339 4,266,514 10
507 GRID 0.198 1.21E-04 1.96E-05 611,439 4,266,514 10
508 GRID 0.248 1.52E-04 2.15E-05 611,539 4,266,514 10
509 GRID 0.276 1.69E-04 2.20E-05 611,639 4,266,514 10
510 GRID 0.301 1.84E-04 2.46E-05 611,739 4,266,514 10
511 GRID 0.316 1.93E-04 2.47E-05 611,839 4,266,514 10
512 GRID 0.34 2.07E-04 2.55E-05 611,939 4,266,514 10
513 GRID 0.377 2.30E-04 2.24E-05 612,039 4,266,514 10
514 GRID 0.431 2.63E-04 2.30E-05 612,139 4,266,514 10
515 GRID 0.507 3.10E-04 2.17E-05 612,239 4,266,514 10
516 GRID 0.557 3.40E-04 2.19E-05 612,339 4,266,514 10
517 GRID 0.596 3.64E-04 2.22E-05 612,439 4,266,514 10
518 GRID 0.608 3.71E-04 2.18E-05 612,539 4,266,514 10
519 GRID 0.59 3.60E-04 2.21E-05 612,639 4,266,514 10
520 GRID 0.563 3.44E-04 2.26E-05 612,739 4,266,514 10
521 GRID 0.512 3.13E-04 1.98E-05 612,839 4,266,514 10
522 GRID 0.463 2.82E-04 1.78E-05 612,939 4,266,514 10
523 GRID 0.422 2.57E-04 1.72E-05 613,039 4,266,514 10
524 GRID 0.38 2.32E-04 1.54E-05 613,139 4,266,514 10
525 GRID 0.344 2.10E-04 1.40E-05 613,239 4,266,514 10
526 GRID 0.104 6.35E-05 1.20E-05 610,839 4,266,414 10
527 GRID 0.112 6.81E-05 1.22E-05 610,939 4,266,414 10
528 GRID 0.113 6.88E-05 1.35E-05 611,039 4,266,414 10
529 GRID 0.113 6.93E-05 1.47E-05 611,139 4,266,414 10
530 GRID 0.124 7.55E-05 1.53E-05 611,239 4,266,414 10
531 GRID 0.156 9.51E-05 1.70E-05 611,339 4,266,414 10
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532 GRID 0.191 1.17E-04 1.76E-05 611,439 4,266,414 10
533 GRID 0.229 1.40E-04 1.87E-05 611,539 4,266,414 10
534 GRID 0.248 1.51E-04 2.00E-05 611,639 4,266,414 10
535 GRID 0.258 1.58E-04 2.17E-05 611,739 4,266,414 10
536 GRID 0.268 1.64E-04 2.17E-05 611,839 4,266,414 10
537 GRID 0.283 1.73E-04 2.24E-05 611,939 4,266,414 10
538 GRID 0.313 1.91E-04 1.98E-05 612,039 4,266,414 10
539 GRID 0.357 2.18E-04 1.97E-05 612,139 4,266,414 10
540 GRID 0.416 2.54E-04 1.86E-05 612,239 4,266,414 10
541 GRID 0.467 2.85E-04 1.94E-05 612,339 4,266,414 10
542 GRID 0.502 3.07E-04 1.88E-05 612,439 4,266,414 10
543 GRID 0.522 3.19E-04 1.96E-05 612,539 4,266,414 10
544 GRID 0.518 3.16E-04 1.97E-05 612,639 4,266,414 10
545 GRID 0.503 3.07E-04 1.92E-05 612,739 4,266,414 10
546 GRID 0.469 2.86E-04 1.91E-05 612,839 4,266,414 10
547 GRID 0.426 2.60E-04 1.69E-05 612,939 4,266,414 10
548 GRID 0.389 2.38E-04 1.63E-05 613,039 4,266,414 10
549 GRID 0.356 2.17E-04 1.48E-05 613,139 4,266,414 10
550 GRID 0.323 1.97E-04 1.33E-05 613,239 4,266,414 10
551 GRID 0.0978 5.97E-05 1.08E-05 610,839 4,266,314 10
552 GRID 0.0973 5.94E-05 1.16E-05 610,939 4,266,314 10
553 GRID 0.097 5.92E-05 1.26E-05 611,039 4,266,314 10
554 GRID 0.1 6.11E-05 1.32E-05 611,139 4,266,314 10
555 GRID 0.123 7.50E-05 1.46E-05 611,239 4,266,314 10
556 GRID 0.152 9.28E-05 1.52E-05 611,339 4,266,314 10
557 GRID 0.184 1.12E-04 1.63E-05 611,439 4,266,314 10
558 GRID 0.211 1.29E-04 1.71E-05 611,539 4,266,314 10
559 GRID 0.22 1.34E-04 1.83E-05 611,639 4,266,314 10
560 GRID 0.224 1.37E-04 1.93E-05 611,739 4,266,314 10
561 GRID 0.232 1.42E-04 1.96E-05 611,839 4,266,314 10
562 GRID 0.239 1.46E-04 1.92E-05 611,939 4,266,314 10
563 GRID 0.266 1.62E-04 1.80E-05 612,039 4,266,314 10
564 GRID 0.304 1.86E-04 1.71E-05 612,139 4,266,314 10
565 GRID 0.346 2.11E-04 1.57E-05 612,239 4,266,314 10
566 GRID 0.394 2.41E-04 1.70E-05 612,339 4,266,314 10
567 GRID 0.429 2.62E-04 1.69E-05 612,439 4,266,314 10
568 GRID 0.449 2.74E-04 1.67E-05 612,539 4,266,314 10
569 GRID 0.455 2.78E-04 1.76E-05 612,639 4,266,314 10
570 GRID 0.45 2.75E-04 1.75E-05 612,739 4,266,314 10
571 GRID 0.429 2.62E-04 1.71E-05 612,839 4,266,314 10
572 GRID 0.394 2.40E-04 1.64E-05 612,939 4,266,314 10
573 GRID 0.361 2.21E-04 1.50E-05 613,039 4,266,314 10
574 GRID 0.333 2.03E-04 1.46E-05 613,139 4,266,314 10
575 GRID 0.304 1.86E-04 1.28E-05 613,239 4,266,314 10
576 GRID 0.0853 5.21E-05 1.00E-05 610,839 4,266,214 10
577 GRID 0.0839 5.12E-05 1.10E-05 610,939 4,266,214 10
578 GRID 0.0849 5.18E-05 1.16E-05 611,039 4,266,214 10
579 GRID 0.0977 5.97E-05 1.27E-05 611,139 4,266,214 10
580 GRID 0.123 7.54E-05 1.36E-05 611,239 4,266,214 10
581 GRID 0.147 8.97E-05 1.35E-05 611,339 4,266,214 10
582 GRID 0.176 1.07E-04 1.47E-05 611,439 4,266,214 10
583 GRID 0.193 1.18E-04 1.54E-05 611,539 4,266,214 10
584 GRID 0.193 1.18E-04 1.70E-05 611,639 4,266,214 10
585 GRID 0.196 1.20E-04 1.74E-05 611,739 4,266,214 10
586 GRID 0.203 1.24E-04 1.77E-05 611,839 4,266,214 10
587 GRID 0.205 1.25E-04 1.70E-05 611,939 4,266,214 10
588 GRID 0.229 1.40E-04 1.64E-05 612,039 4,266,214 10
589 GRID 0.263 1.61E-04 1.51E-05 612,139 4,266,214 10
590 GRID 0.293 1.79E-04 1.39E-05 612,239 4,266,214 10
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591 GRID 0.333 2.04E-04 1.42E-05 612,339 4,266,214 10
592 GRID 0.37 2.26E-04 1.55E-05 612,439 4,266,214 10
593 GRID 0.391 2.39E-04 1.45E-05 612,539 4,266,214 10
594 GRID 0.398 2.43E-04 1.54E-05 612,639 4,266,214 10
595 GRID 0.401 2.45E-04 1.59E-05 612,739 4,266,214 10
596 GRID 0.392 2.40E-04 1.58E-05 612,839 4,266,214 10
597 GRID 0.366 2.23E-04 1.50E-05 612,939 4,266,214 10
598 GRID 0.336 2.05E-04 1.41E-05 613,039 4,266,214 10
599 GRID 0.312 1.90E-04 1.34E-05 613,139 4,266,214 10
600 GRID 0.288 1.76E-04 1.28E-05 613,239 4,266,214 10
601 GRID 0.0734 4.48E-05 9.69E-06 610,839 4,266,114 10
602 GRID 0.074 4.52E-05 1.04E-05 610,939 4,266,114 10
603 GRID 0.0798 4.87E-05 1.10E-05 611,039 4,266,114 10
604 GRID 0.1 6.12E-05 1.20E-05 611,139 4,266,114 10
605 GRID 0.121 7.42E-05 1.19E-05 611,239 4,266,114 10
606 GRID 0.142 8.69E-05 1.25E-05 611,339 4,266,114 10
607 GRID 0.167 1.02E-04 1.35E-05 611,439 4,266,114 10
608 GRID 0.172 1.05E-04 1.39E-05 611,539 4,266,114 10
609 GRID 0.17 1.04E-04 1.54E-05 611,639 4,266,114 10
610 GRID 0.174 1.06E-04 1.59E-05 611,739 4,266,114 10
611 GRID 0.177 1.08E-04 1.56E-05 611,839 4,266,114 10
612 GRID 0.179 1.09E-04 1.54E-05 611,939 4,266,114 10
613 GRID 0.201 1.23E-04 1.49E-05 612,039 4,266,114 10
614 GRID 0.23 1.41E-04 1.33E-05 612,139 4,266,114 10
615 GRID 0.253 1.55E-04 1.28E-05 612,239 4,266,114 10
616 GRID 0.284 1.73E-04 1.21E-05 612,339 4,266,114 10
617 GRID 0.32 1.96E-04 1.34E-05 612,439 4,266,114 10
618 GRID 0.343 2.09E-04 1.38E-05 612,539 4,266,114 10
619 GRID 0.351 2.15E-04 1.34E-05 612,639 4,266,114 10
620 GRID 0.355 2.17E-04 1.42E-05 612,739 4,266,114 10
621 GRID 0.356 2.18E-04 1.46E-05 612,839 4,266,114 10
622 GRID 0.341 2.08E-04 1.43E-05 612,939 4,266,114 10
623 GRID 0.314 1.92E-04 1.27E-05 613,039 4,266,114 10
624 GRID 0.292 1.78E-04 1.24E-05 613,139 4,266,114 10
625 GRID 0.272 1.66E-04 1.23E-05 613,239 4,266,114 10
626 BOUNDARY 15.1 9.22E-03 2.52E-04 612,235 4,267,457 10
627 BOUNDARY 12.6 7.71E-03 2.35E-04 612,223 4,267,435 10
628 BOUNDARY 11.2 6.84E-03 2.01E-04 612,210 4,267,414 10
629 BOUNDARY 9.92 6.06E-03 1.82E-04 612,198 4,267,392 10
630 BOUNDARY 8.72 5.33E-03 1.73E-04 612,186 4,267,370 10
631 BOUNDARY 7.84 4.79E-03 1.68E-04 612,173 4,267,348 10
632 BOUNDARY 7.03 4.29E-03 1.67E-04 612,161 4,267,327 10
633 BOUNDARY 6.35 3.88E-03 1.46E-04 612,148 4,267,305 10
634 BOUNDARY 5.74 3.50E-03 1.49E-04 612,136 4,267,283 10
635 BOUNDARY 5.17 3.16E-03 1.41E-04 612,124 4,267,261 10
636 BOUNDARY 5.01 3.06E-03 1.34E-04 612,120 4,267,255 10
637 BOUNDARY 5.29 3.23E-03 1.27E-04 612,096 4,267,261 10
638 BOUNDARY 5.5 3.36E-03 1.43E-04 612,071 4,267,266 10
639 BOUNDARY 5.72 3.49E-03 1.45E-04 612,047 4,267,272 10
640 BOUNDARY 6.02 3.68E-03 1.59E-04 612,022 4,267,277 10
641 BOUNDARY 6.18 3.77E-03 1.60E-04 611,998 4,267,283 10
642 BOUNDARY 6.48 3.95E-03 1.57E-04 611,974 4,267,288 10
643 BOUNDARY 6.61 4.03E-03 1.61E-04 611,957 4,267,292 10
644 BOUNDARY 8.09 4.94E-03 1.83E-04 611,950 4,267,316 10
645 BOUNDARY 10 6.12E-03 2.13E-04 611,943 4,267,340 10
646 BOUNDARY 13.1 8.00E-03 2.40E-04 611,936 4,267,362 10
647 BOUNDARY 13.2 8.03E-03 2.32E-04 611,960 4,267,370 10
648 BOUNDARY 14.5 8.86E-03 2.33E-04 611,984 4,267,377 10
649 BOUNDARY 14.1 8.59E-03 2.51E-04 612,007 4,267,385 10
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650 BOUNDARY 14.4 8.78E-03 2.42E-04 612,031 4,267,392 10
651 BOUNDARY 15.4 9.39E-03 2.42E-04 612,055 4,267,400 10
652 BOUNDARY 14.5 8.88E-03 2.54E-04 612,079 4,267,407 10
653 BOUNDARY 15.1 9.22E-03 2.45E-04 612,103 4,267,415 10
654 BOUNDARY 15.7 9.61E-03 2.51E-04 612,127 4,267,423 10
655 BOUNDARY 14.7 8.96E-03 2.58E-04 612,150 4,267,430 10
656 BOUNDARY 15.6 9.54E-03 2.49E-04 612,174 4,267,438 10
657 BOUNDARY 15.9 9.74E-03 2.56E-04 612,198 4,267,445 10
658 BOUNDARY 14.7 8.96E-03 2.67E-04 612,222 4,267,453 10
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