
 
 
   
 
 

  
REGULAR MEETING OF THE 

CITY OF CONCORD 
PLANNING COMMISSION 

 
Wednesday, June 3, 2015 

7:00 p.m. – Council Chamber 
1950 Parkside Drive, Concord 

 
 
Planning Commission Members: 

            Robert Hoag, Chair 
Ernesto A. Avila, Vice Chair 
Jason Laub, Commissioner 

             

  
 
Tim McGallian, Commissioner 
Carlyn Obringer, Commissioner 

 

REGULAR MEETING 
7:00 p.m. – Council Chamber 

 
I. ROLL CALL 
 
II. PLEDGE TO THE FLAG 
  
III. PUBLIC COMMENT PERIOD 
 
IV. COMMISSION APPOINTMENTS 
 

1. Nomination and designation of Bicycle and Pedestrian Advisory Committee 
Representative and Alternate for 2015/16. 

 
V. ADDITIONS / CONTINUANCES / WITHDRAWALS 
 
VI. CONSENT CALENDAR  
 

1. 4/15/15 Meeting Minutes 
 
VII. PUBLIC HEARINGS  
 

1. Step By Step Montessori School (PL150157 – UP) – Application to operate a 
day care center for ages 3 months to 2.5 years old within an existing 1,220 sq. ft. 
building at the northeast corner of Clayton Road and Heather Drive on a .18-acre 
site at 4991 Clayton Road.  The General Plan designation is Community Office; 
Zoning classification is CO (Community Office); APN 116-203-004.  Project 
Planner: Joan Ryan @ (925) 671-3370 
 
 
 

 



Planning Commission Agenda  June 3, 2015 
  Page 2 

 

 
2. Costco Fueling Facility Expansion (PL131208 – UP, DR) – Application for a  

Use Permit Amendment and Design Review to add one additional multi-product 
dispenser to all four existing fueling islands and to expand the existing gas 
canopy/roof by approximately 4,320 sq. ft. for the Costco Fueling Facility at 2400 
Monument Boulevard.  The General Plan designation is Regional Commercial; 
Zoning classification is RC (Regional Commercial); APN 129-040-010.  Project 
Planner: Frank Abejo @ (925) 671-3128 
 

VIII. ADDITIONS / CONTINUANCES / WITHDRAWALS 
 
IX. COMMISSION CONSIDERATIONS 
 
X. STAFF REPORTS / ANNOUNCEMENTS 
 
XI. COMMISSION REPORTS / ANNOUNCEMENTS 
 
XII. FUTURE PUBLIC HEARING ITEMS 
 
XIII. ADJOURNMENT 
 

 
NOTICE TO PUBLIC 

 
 
ADA ACCOMMODATION 
 
In accordance with the Americans With Disabilities Act and California Law, it is the policy of the City of Concord to offer its 
public programs, services and meetings in a manner that is readily accessible to everyone, including those with disabilities.  If 
you are disabled and require a copy of a public hearing notice, or an agenda and/or agenda packet in an appropriate alternative 
format; or if you require other accommodation, please contact the ADA Coordinator at (925) 671-3031, at least five (5) days in 
advance of the hearing.  Advance notification within this guideline will enable the City to make reasonable arrangements to 
ensure accessibility. 
 
APPEALS 
 
Decisions of the Planning Commission on use permits, variances, major subdivisions, appeals taken from decisions of the Zoning 
Administrator or staff interpretations of the Zoning Code may be appealed to the City Council. Appeals and the required filing 
fee must be filed with the City Clerk within ten (10) days of the decision. 
 
APPLICANT’S SUBMITTAL OF INFORMATION 
 
Submittal of information by a project applicant subsequent to the distribution of the agenda packet but prior to the public hearing 
may result in a continuance of the subject agenda item to the next regularly scheduled Planning Commission meeting, if the 
Commission determines that such late submittal compromises its ability to fully consider and evaluate the project at the time of 
the public hearing. 
 
CONSENT CALENDAR 
 
All matters listed under CONSENT CALENDAR are considered by the Commission to be routing and will be enacted by one 
motion.  There will be no separate discussion of these items unless requested by a Commissioner prior to the time Commission 
votes on the motion to adopt. 
 
CORRESPONDENCE 
 
Correspondence and writings received within 72 hours of the scheduled Planning Commission meeting that constitute a public 
record under the Public Records Act concerning any matter on the agenda is available for inspection during normal business 
hours at the Permit Center located at 1950 Parkside Drive, Concord. For additional information contact the Planning Division at 
(925) 671-3152. 
 



Planning Commission Agenda  June 3, 2015 
  Page 3 

 

 
HEARINGS 
 
Persons who wish to speak on hearings listed on the agenda will be heard when the hearing is opened, except on hearing items 
previously heard and closed to public comment.  Each public speaker should limit their comments to three (3) minutes or less. 
The Chair may grant additional time.  The project applicant normally shall be the first person to make a presentation when a 
hearing is opened for public comment.  The project applicant’s presentation should not exceed ten (10) minutes unless the Chair 
grants permission for a longer presentation.  After the public has commented, the item is closed to further public comment and 
brought to the Planning Commission level for discussion and action.  Further comment from the audience will not be received 
unless requested by the Commission.  No public hearing or hearing shall commence after 11:00 p.m. unless this rule is waived by 
majority vote of the Commission. 
 
MEETING RECORDS 
 
Planning Commission meetings are available for viewing on the City’s website, www.cityofconcord.org and at the Concord 
Public Library.  Copies of DVDs of the Planning Commission Meeting are available for purchase.  Contact the Planning Division 
at (925) 671-3152 for further information. 
 
NOTICE TO THE HEARING IMPAIRED 
 
The Council Chamber is equipped with Easy Listener Sound Amplifier units for use by the hearing impaired. The units operate in  
conjunction with the Chamber's sound system.  You may request the Easy Listener Phonic Ear Personal Sound Amplifier from 
the staff for personal use during Commission meetings. 
 
ROUTINE AGENDA ITEMS AND CONTINUED ITEMS 
 
All routine and continued items will be considered by the Planning Commission at the beginning of the meeting.  There will not 
be separate discussions of these items unless a request is made prior to the time the Planning Commission considers the motions. 
 
SPEAKER'S CARD       
 
Members of the audience who wish to address the Planning Commission should complete a speaker's card available in the lobby 
or at the front bench. Submit the completed card to staff before the item is called, preferably before the meeting begins. 
 
TELEVISED MEETINGS 
 
All Planning Commission meetings are broadcast live on Astound Broadband channel 29 and Comcast channel 28. The meeting 
is replayed on the Thursday following the meeting at 8:00 a.m., 2:00 p.m. and 8:00 p.m. Replays are also broadcast on Fridays 
and Saturdays.  Please check the City website, http://www.cityofconcord.org/about/citynews/tvlistings.pdf or check the channels 
for broadcast times. 
 

 
NEXT PLANNING COMMISSION MEETINGS:  

  
     June 17, 2015:  7:00 pm – Council Chamber 

          July 1, 2015:  7:00 pm – Council Chambers 
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I. INTRODUCTION 

A. DETERMINATION 

This document is an Addendum to the December 1999 Environmental Impact Report 

(“1999 EIR”) prepared for the original Costco Wholesale Development project approved by 

the City of Concord (hereafter referred to as the “1999 Project”). The 1999 EIR was 

prepared and circulated pursuant to the California Environmental Quality Act (CEQA). The 

1999 Project, the 1999 EIR and the associated Mitigation and Monitoring Program (“MMP”) 

were considered by the Planning Commission on November 17, 1999 (Planning 

Commission Resolution No. 99-1) and were certified and adopted by the Concord City 

Council on December 14, 1999 (City Council Resolution No. 99-119) along with a 

Statement of Findings that potential impacts would be reduced to less-than-significant 

levels, except for one significant and unavoidable impact on the environment related to 

regional emissions. A Statement of Overriding Considerations was adopted by the Council 

finding that the benefits of the 1999 Project outweighed the one significant unavoidable 

environmental impact. The MMP, the Statement of Findings, and the Statement of 

Overriding Considerations are included within the definition of “1999 EIR.” 

The 1999 Project included the following components on 15.75 acres at the southwest 

corner of Monument Boulevard and Detroit Avenue: 

 an approximately 147,000-square foot bulk retail/wholesale facility; 

 a 5,200-square-foot tire center; 

 a 1,075-square-foot food court; 

 a three island gas station with a total of six (6) multi-product dispensers; and 

 approximately 70,000 square feet of additional commercial/industrial space. 

The 1999 Project, consisting of the aforementioned components, was approved under Use 

Permit No. 26-99 and built immediately after approval. Per the findings of the 1999 EIR, 

which identified a potential significant impact related to the originally planned location of 

the gas station at the southwestern corner of the site, the Use Permit approved a revised 

site plan that relocated the gas station to the northern edge of the site along Monument 

Boulevard. The three island gas station was constructed in this new location. 

In 2001, the Use Permit was amended (UPA 2-01) to expand the existing three island gas 

station with one (1) fueling island containing two (2) multi-product dispensers (MPDs), 

together with expansion of the overhead canopy (“Approved Island”). On-site parking was 

not affected. The Approved Island was classified as categorically exempt from CEQA 
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review under Section 15301, Class 1, “Existing Facilities,” as a minor addition to an 

existing facility.
1

 This expansion was completed and represents the current state of the 

existing fueling facility.     

In 2007, a Zoning Administrator Permit (ZA 07-003) and Design Review (DR 07-012) were 

approved for a 3,840 square foot receiving dock expansion and a 7,840 square foot 

enclosed garden center addition (“2007 Expansion”). The 2007 Expansion was classified 

as categorically exempt from CEQA review under Section 15301, “Existing Facilities,” as a 

minor addition to the existing structure.
2

 

In 2011, a Zoning Administrator Permit (ZA 11-010) and Design Review application (DR 

11-017) were approved for an employee parking lot expansion (“Approved Lot”) on an 

adjacent 1.74-acre vacant site at the corner of Detroit and Cloverdale Avenue, immediately 

east of the Costco store and main parking lot.
3,4 

The project provided an additional 162
5,6

 

standard parking spaces and related site improvements including new landscaping and 

lighting. The Approved Lot was classified as categorically exempt from CEQA review under 

Section 15311, Class 11, “Accessory Structures,” for projects involving construction of a 

structure that is accessory to an existing commercial facility, including small parking lots.
7

 

The 1999 Project, the Approved Island, 2007 Expansion, and the Approved Lot are 

collectively referred to herein as the “Approved Project.” 

In 2013, Costco Wholesale filed an application to expand the existing fueling facility. 

Costco finalize the project scope in April 2015 following various project revisions to 

include the following requests: 

                                                

 

1

 California Code of Regulations, Title 14, Division 6, Chapter 3, Article 19. Categorical Exemptions, 

Section 15301, Class 1, Existing Facilities. 

2

 Ibid. 

3

 City of Concord, 2011. Report to Zoning Administrator: Costco Wholesale Parking Lot Expansion – 

Zoning Administrator Permit (ZA 11-010) and Design Review (DR 11- 017). August 11. 

4

 City of Concord, 2011. ZA Order No. 11-008. July 13. 

5

 Note that the Zoning Administrator Report for the Approved Lot identifies the Approved Lot as providing 

an additional 161 spaces. However, the May 4, 2015, plan set provided by Costco for 2014 Project identifies 162 

stalls on the ground. The most current count is used here.  

6

 Costco Wholesale, 2015. Complete Plan Set. May 4. 

7

 California Code of Regulations, Title 14, Division 6, Chapter 3, Article 19. Categorical Exemptions, 

Section 15301, Class 11, Accessory Structures. 
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 Use Permit Amendment for modifications to the Approved Project for expansion of 

the fueling facility, which would include the following components:  

 one (1) additional MPD on the entry side of each of the four (4) existing fuel 

islands, yielding two additional fueling positions per island for a total of eight 

(8) additional fueling positions; 

 a 36-foot by 120-foot fueling island canopy addition covering approximately 

4,320 square feet that would provide weather protection for the additional 

MPDs and would match the existing canopy design, colors, and materials; 

 the installation of one (1) 20,000-gallon diesel product underground storage 

tank (UST) and one (1) 3,500-gallon gasoline/diesel split additive UST
8

 and 

associated product piping; 

 equipping the two (2) fueling islands closest to the Costco warehouse [six (6) 

MPDs totaling twelve (12) fueling positions] to dispense both gasoline and 

diesel product;
9

 and 

 additional site improvements, including the removal of five (5) parking stalls
10

 

for the addition of a 800-square-foot water quality bio-retention area. 

 Design Review for improvements associated with modifications to the Approved 

Project including landscaping and gas canopy expansion. 

                                                

 

8

 The existing facility does not provide or store diesel fuel, a noted distinction between the Approved 

Project and 2015 Project (which would store and provide diesel fuel). This distinction is considered in the 

analysis presented in this Addendum.  

9

 In April 2015, Costco Wholesale revised its Use Permit Amendment application to include this 

component, as well as revised the size and type of additive UST they had included in their original application.  

10

 The 1999 EIR noted that the City of Concord parking ordinance requirement for this type of 

development was approximately 878 parking spaces, based on a ratio of 4.5 spaces per 1,000 square feet for 

the Costco store and 2.5 spaces per 1,000 square feet for the residual parking. The 1999 Project was therefore 

required to supply 878 parking spaces. The 2001 Approved Island did not eliminate any parking spaces from the 

total parking supply count. With the addition of the Approved Lot in 2001, the total parking space supply for the 

Approved Project increased to 944 parking spaces. At the time of preparation of this Addendum, the City of 

Concord Development Code requires 4 parking spaces per 1,000 square feet, which calculates to 641.47 spaces 

for the 160,368 square-foot Costco warehouse building. With the loss of five parking stalls for the bio-retention 

area, the total parking supply for the project would be 939 parking spaces, which exceeds the current minimum 

required stall count of 642 by 297 parking stalls.       
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The foregoing is hereafter referred to as the “2015 Project.” 

This Addendum evaluates whether the 2015 Project’s proposed expansion of the gas 

station component of the Approved Project would result in any new or substantially more 

adverse significant effects or require any new mitigation measures not identified in the 

1999 EIR, and concludes that the analysis and the conclusions of the 1999 EIR remain 

current and valid. No substantial changes have occurred with respect to existing 

conditions that would cause new or substantially more severe significant environmental 

effects than were identified in the 1999 EIR, all mitigation measures will remain in place 

and continue to be enforced, and the Statement of Overriding Considerations remain in 

effect. No new meaningful information indicates that the proposed modifications would 

cause new or substantially more severe significant environmental effects than were 

analyzed in the 1999 EIR.  

This Addendum also considers whether any substantial changes have occurred with 

respect to the circumstances under which the 2015 Project will be undertaken that would 

require major revisions to the 1999 EIR due to the involvement of new significant 

environmental effects or a substantial increase in the severity of previously identified 

significant effects. As discussed in the following chapter, while there have been regulatory 

changes since the 1999 EIR (e.g., requirement for an analysis of greenhouse gas 

emissions), in all instances, the changes in circumstances do not result in new or 

substantially more severe significant environmental effects or the need for new mitigation 

measures. This Addendum finds that, notwithstanding changes in circumstances, 

completion of the 2015 Project would not result in new significant or substantially more 

severe environmental impacts than those analyzed in the 1999 EIR, and no additional 

mitigation measures are required.  

B. CEQA FRAMEWORK FOR ADDENDUM 

The City of Concord is the CEQA lead agency responsible for the Approved Project and the 

2015 Project. Since the 2015 Project is a modification to the fueling facility component of 

the Approved Project, it is subject to subsequent review standards under Public Resources 

Code Section 21166. Under the California Environmental Quality Act of 1970, Public 

Resources Code Sections 21000, et seq. and implementing State CEQA Guidelines, Title 

14, Chapter 3 of the California Code of Regulations, as amended (collectively, “CEQA”), 

when a project that was studied and approved under a certified EIR is proposed to be 

modified, an Addendum to the EIR may satisfy CEQA regulations. Each Public Resources 

Code Section 21166 and CEQA Guidelines Section 15162 provides that when an EIR has 

been certified for that project, no subsequent EIR shall be prepared for the project unless 

the lead agency determines, on the basis of substantial evidence in the light of the whole 

record, one or more of the following criteria pertain(s): 
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 Substantial changes in the project that require major revisions of the EIR due 

to the involvement of new significant environmental effects or a substantial 

increase in the severity of previously identified significant effects;  

 Substantial changes with respect to the circumstances under which the 

project is undertaken which require major revisions of the EIR due to the 

involvement of new significant environmental effects or a substantial increase 

in the severity of previously identified significant effects; or  

 New information of substantial importance, which was not known and could 

not have been known with the exercise of reasonable diligence at the time the 

previous EIR was certified, shows any of the following:  

i) the project will have one or more significant effects not discussed in the 

previous EIR,  

ii) significant effects previously examined will be substantially more severe 

than previously shown in the previous EIR,  

iii) mitigation measures or alternatives previously found not to be feasible 

would in fact be feasible and would substantially reduce one or more 

significant effects of the project, but the project proponent declines to 

adopt the mitigation measure or alternative, or  

iv) mitigation measures or alternatives that are considerably different from 

those analyzed in the previous EIR would substantially reduce one or more 

significant effects on the environment, but the project proponent declines 

to adopt the mitigation measure or alternative.  

Per CEQA Guidelines Section 15164(a), the lead agency shall prepare an addendum to a 

previously certified EIR if some changes are necessary but none of the conditions 

described in CEQA Guidelines Section 15162 calling for the preparation of a subsequent 

EIR have occurred. As discussed herein, none of the elements requiring preparation of a 

subsequent EIR exists, and the City of Concord has determined that it is not necessary to 

prepare a subsequent EIR or MND. Rather, this Addendum to the 1999 EIR is the 

appropriate CEQA document. 

This Addendum reflects the independent judgment and analysis of the City as the lead 

agency, demonstrates that the environmental analysis, impacts, and mitigation 

requirements identified in the 1999 EIR remain substantively unchanged by the situation 

described herein, and supports the finding that the proposed project modifications do not 

raise any new issues, result in any new impacts, and do not exceed the level of impacts 



ADDENDUM TO COSTCO WHOLESALE PROJECT EIR   MAY 2015 

INTRODUCTION   

6 

 

identified in the 1999 EIR. To support this decision, the following discussion describes the 

proposed project modifications and the environmental analysis. 

Per CEQA Guidelines Section 15164(c), an addendum need not be circulated for public 

review but can be included in or attached to the Final EIR. Per CEQA Guidelines Section 

15164(d), the decision-making body shall consider an addendum to the Final EIR. 

Accordingly, this Addendum will be attached to the 1999 EIR, and will be considered by 

the decision-making body with the 1999 EIR before making a decision on the 2015 

Project. The 1999 EIR is on file with and may be obtained from the Office of the City Clerk 

at 1950 Parkside Drive MS/03, Concord, California 94519.  
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II. PROJECT INFORMATION 

A. BACKGROUND 

The 2015 Project site is located in the City of Concord and is the site of an existing Costco 

gas station. The site is bounded by Monument Boulevard to the north; a Public Storage 

facility to the west; the remainder of the Approved Project site to the south, including the 

Costco bulk retail/wholesale facility and parking lot; and an ARCO gas station followed by 

Detroit Avenue to the east. The 2015 Project is a proposed expansion of the gas station 

built as part of the Approved Project, and is located on a portion of the Approved Project 

site. 

B. SUMMARY OF APPROVED PROJECT AND 2015 PROJECT 

In 1999, the City of Concord approved the Costco Wholesale Development project, which 

proposed an approximately 147,000-square foot bulk retail/wholesale facility, a 5,200- 

square foot tire center, a 1,075-square foot food court, a three island gas station, and 

approximately 70,000 square feet of additional commercial/industrial space. The 1999 

EIR was prepared and circulated pursuant to CEQA. The 1999 EIR and the associated MMP 

were approved on December 14, 1999, with the finding that with implementation of all 

required mitigation measures, the Approved Project would have less-than-significant 

impacts on the environment, with the exception of a significant and unavoidable 

environmental impact related to regional emissions. As a result, a Statement of Overriding 

Considerations was prepared and approved. 

The 2015 Project is an expansion of the gas station component of the Approved Project, 

which was originally approved under Use Permit No. 26-99 in 1999, constructed soon 

thereafter, subsequently modified by Use Permit Amendment No. 2-01 in 2001, and is 

currently operational. The 2015 Project would add one (1) additional MPD on the entry 

side of all each of the four (4) existing fuel islands, yielding two additional fueling 

positions per island for a total of eight (8) additional fueling position; install one (1) 

20,000-gallon diesel product UST and one (1) 3,500-gallon gasoline/diesel split additive 

UST would be installed, and associated product piping; and equip two (2) fueling islands 

closest to the Costco warehouse [six (6) MPDs totaling twelve (12) fueling positions] to 

dispense both gasoline and diesel product. The USTs would require a new vent stack that 

will be installed within the landscaped area at the northern edge of the site along 

Monument Boulevard. The aforementioned project components would require the 

demolition of some existing asphalt and concrete surfaces. 
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A 36-foot by 120-foot fueling island canopy addition covering approximately 4,320 square 

feet would be integrated with the existing canopy to provide weather protection for the 

four additional MPDs. The canopy addition would match the existing canopy design, 

materials, and color. The Costco Gasoline canopy signage, approximately 27 square feet 

in size on each canopy façade, would remain on three of the facades, while the signage on 

the entry façade would be relocated and centered on the canopy addition. Sixteen (16) 

new LED light fixtures would be installed with the new canopy addition and the twenty-

four (24) existing light fixtures under the existing canopy would be replaced with LED 

fixtures. 

The 2015 Project would also incorporate additional site improvements and new 

landscaping. Specifically, five (5) parking stalls would be removed to add an 

approximately 800-square-foot water quality bio-retention area landscaped with trees 

(three would be planted), shrubs, and groundcover, and landscaping would be added 

along Monument Boulevard to provide screening for the new UST vents that would be 

installed. 
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III.  ANALYSIS OF POTENTIAL ENVIRONMENTAL EFFECTS 

The following discussion analyzes the likelihood of the 2015 Project to result in new or 

substantially more severe significant impacts or the need for new or different mitigation 

measures as compared to those studied in the 1999 EIR. This Addendum discusses the 

topic areas in the sequence that they are addressed in the 1999 EIR. This section 

concludes by finding that no new or substantially more severe significant effects than 

those identified in the 1999 EIR would result from 2015 Project and that no new 

additional or changed mitigation measures would be required. 

A. AESTHETICS 

The 1999 EIR studied whether the Approved Project, as a whole, would result in a 

substantial adverse effect on a scenic vista, substantially damage scenic resources within 

a State Scenic Highway, substantially degrade the visual character or quality of the site, or 

create a substantial new source of light or glare. The 1999 EIR concluded that the 

Approved Project would result in three significant impacts, one related to scale and 

architectural design of the development, and two impacts related to light and glare from 

the gas station and parking lot. The first impact was mitigated to a less-than-significant 

level through Mitigations 4.8-1A and 4.8-1B, which required modifications to the project 

architectural design. The parking lot lighting impact was reduced to a less-than-significant 

level through design modifications and revision of the lighting or landscaping plan for the 

parking lot as required by Mitigations 4.8-4A and 4.8-AB. The third impact of gas station 

lighting on surrounding residents was eliminated through the relocation of the gas station 

to its current location along Monument Boulevard from its originally proposed location 

near the Sierra Gardens residential condominium development at the southern edge of the 

Approved Project site. 

Aside from the build out of the Approved Project surrounding and the gas station, the 

lighting impacts of which are described above, the circumstances under which the 2015 

Project would be undertaken have not changed. The land uses surrounding the site are 

generally consistent with those analyzed in the 1999 EIR (the site is surrounded by 

commercial and retail uses, and no new residential developments have been constructed 

in the vicinity). No new information of substantial importance exists that would affect the 

validity of the 1999 EIR analysis for the 2015 Project. As a result, the 2015 Project would 

not result in any new or substantially more severe impacts on visual and aesthetic 

resources and no new mitigation measures are necessary. 

2015 Project Parking Lot Lighting:  The 2015 Project would not propose any modifications 

to the Costco building along Detroit Avenue, nor propose any changes to the parking lot 



ADDENDUM TO COSTCO WHOLESALE PROJECT EIR   MAY 2015 

ANALYSIS OF POTENTIAL ENVIRONMENTAL EFFECTS  

 

 

10 

 

lighting, and as a result would not increase the severity of these previously identified 

environmental effects.  

Gas Station Lighting:  The 2015 Project would result in the installation of new lighting (16 

new LED light fixtures) with the canopy addition, which would cause an incremental 

increase in lighting at an operational gas station with 24 existing overhead light fixtures 

that is surrounded by fully urbanized commercial, retail and industrial uses. As such, 

lighting added by the 2015 Project would be marginal in comparison to existing 

surrounding lighting. It would be shielded downward consistent with the existing facility 

design and the intensity of lighting would not significantly change. The potentially 

significant impact of the gas station lighting on neighboring residents identified in the 

1999 EIR was eliminated prior to construction through relocation of the facility, as 

described above. Because the 2015 Project does not propose to relocate the gas station, 

the severity of the potential lighting and glare impact on nearby residents identified in the 

1999 EIR would not be increased. 

As described in the 1999 EIR, the Approved Project site does not include any State Scenic 

Highway designations and is not located in the vicinity of a State Scenic Highway. The site 

is approximately 4.5 miles northeast of the closest designated State Scenic Highways, 

portions of State Route 24 and Interstate 680 beginning in Walnut Creek. The 1999 EIR 

also found that the Approved Project site and the vicinity do not include any designated 

scenic resources. The 2015 Project would be an expansion of the existing gas station that 

would be contained within the site of the Approved Project, and would expand the 

existing gas station. The 2015 Project includes a 36-foot by 120-foot fueling island 

canopy addition to provide weather protection for the additional MPDs. Although this 

canopy extension would slightly alter the visual character of the existing gas station, the 

canopy addition would match the existing canopy design, colors, and materials and be of 

proportionate size. As a result, the modification would not substantially alter the 

appearance of the existing gas station. The Costco Gasoline canopy signage, 

approximately 27 square feet in size on each canopy facade, would remain on three (3) of 

the facades. The signage on the entry facade would be relocated and centered on the 

canopy after the addition. New address lettering would be added to the canopy per City 

standards. The proposed MPDs would be installed on the side of the gas station nearest 

the existing Costco parking lot and would not impact on the existing frontage along 

Monument Boulevard. As a result, the 2015 Project similarly would not generate any new 

significant adverse effects on State Scenic Highways, designated scenic resources, or the 

visual character or quality of the site. 

No new or substantially more severe significant aesthetic effects would occur and no 

additional mitigation measures are required.  
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B. AGRICULTURE AND FOREST RESOURCES 

The 1999 EIR determined that the Approved Project would have no impacts on agricultural 

resources, and no mitigation measures were required. Specifically, the 1999 EIR found 

that the Approved Project would neither convert Prime Farmland, Unique Farmland, or 

Farmland of Statewide Importance (as shown on the maps prepared pursuant to the 

Farmland Mapping and Monitoring Program of the California Resources Agency) to a non-

agriculture use or result in the conversion of other farmland to non-agricultural uses, nor 

would the Approved Project conflict with existing zoning for agricultural use or a Williams 

Act contract. No active agricultural uses remain at the Approved Project site or within its 

vicinity, and, as a result, no new potential to convert surrounding farmland to non-

agricultural uses exists as a result of the 2015 Project. 

The 2015 Project site is part of the larger Approved Project site, and circumstances 

related to agriculture and forest resources under which the 2015 Project would be 

undertaken have not changed from those analyzed in the 1999 EIR. As a result, the 2015 

Project, similar to the Approved Project, would have no impacts on agricultural resources. 

The 1999 EIR required no mitigation measures related to agriculture for the Approved 

Project. 

In 2009, the CEQA Guidelines were amended (adopted December 30, 2009, effective 

March 18, 2010) to include consideration of forest resources and the Environmental 

Checklist Form (Appendix G) was modified to reflect this amendment. As the 1999 EIR was 

prepared prior to 2009, it did not consider forest resources. The Approved Project site is 

not zoned for forest resources and does not contain any forest resources. Therefore, the 

2015 Project would not result in a zoning conflict for forest resources, nor would it result 

in the loss of forest land or conversion of forest land to non-forest use. 

No new or substantially more severe significant agriculture or forest resource effects 

would occur and no additional mitigation measures are required.  

 

C. AIR QUALITY 

The 1999 EIR analyzed the potential impacts to air quality that could occur as a result of 

the 1999 Project (including but not limited to the gas station component). The Approved 

Island, Approved Lot and 2007 Expansion were approved and constructed subsequent to 

the completion of the 1999 project and were exempt from environmental review. In the 

topics analyzed, the 1999 EIR identified two significant impacts on air quality. One impact 

was related to construction activity. This impact was mitigated to a less-than-significant 

level through the mitigation measures included in the 1999 EIR. Another significant 
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impact was due to increased emissions associated with the project. This was identified as 

a significant and unavoidable impact, as there were no mitigation measures available to 

reduce the impact to a less-than-significant level. Emissions from the proposed fueling 

station were predicted to identify any substantial changes to these findings. Impacts 

associated with emissions of toxic air contaminants (TACs) were evaluated in the 1999 EIR 

and found to be less than significant. Since that 1999 EIR, the State has identified the 

toxicity of diesel exhaust and the Bay Area Air Quality Management District (BAAQMD)  

has modified their procedures for evaluating risk from TACs both through the permitting 

process and their updated CEQA Air Quality Guidelines
11,12

. The proposed project would 

attract diesel-fueled vehicles and trucks.  In addition, benzene that is found in gasoline is 

a TAC.  Gasoline stations, particularly large fueling stations, are a source of TACs due to 

evaporative benzene emissions from the storage and handling of gasoline.  BAAQMD’s 

new procedures for evaluating cancer risk from TACs consider the greater affect these 

contaminants have on infants and children. These effects were not evaluated in the 1999 

EIR.  Therefore, emissions of TACs from the proposed project are evaluated consistent 

with the modified procedures. Roadside carbon monoxide concentrations were predicted 

and found to be below ambient air quality standards. Since the time of that 1999 EIR 

analysis, carbon monoxide concentrations in the Bay Area have decreased substantially 

due to greatly reduced tailpipe emission rates. As a result, the project would not cause or 

contribute to violations of a carbon monoxide ambient air quality standard.
13

 

During the period 2009 through 2011, BAAQMD conducted a public process to update 

their CEQA Air Quality Guidelines.  In 2010, BAAQMD published draft thresholds of 

significance in a report that included the scientific reasoning for establishing those 

significance thresholds
14

.  BAAQMD adopted CEQA Air Quality Guidelines in 2011 that 

included thresholds of significance15.  BAAQMD’s adoption of significance thresholds 

contained in the 2011 CEQA Air Quality Guidelines was called into question by an order 

issued March 5, 2012, in California Building Industry Association (CBIA) v. BAAQMD 

                                                

 

11

 BAAQMD. 2012. Recommended Methods for Screening and Modeling Local Risks and Hazard.  May. 

12

 BAAQMD, 2011. BAAQMD CEQA Air Quality Guidelines. May.  

13

 For a land-use project type, the BAAQMD CEQA Air Quality Guidelines state that a proposed project 

would result in a less than significant impact to localized carbon monoxide concentrations if the project would 

not increase traffic at affected intersections to more than 44,000 vehicles per hour. Peak-hour traffic volumes in 

the project area would be well below this level. 

14

 BAAQMD.  2010.  California Environmental Quality Act Guidelines Update - Proposed Thresholds of 

Significance 

May 3, 2010 

15

 BAAQMD, 2011. BAAQMD CEQA Air Quality Guidelines. May. 
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(Alameda Superior Court Case No. RGI0548693).  The order required BAAQMD to set aside 

its approval of the thresholds until it has conducted environmental review under 

CEQA.  The ruling made in the case concerned the environmental impacts of adopting the 

thresholds and how the thresholds would indirectly affect land use development 

patterns.  In August 2013, the Appellate Court struck down the lower court’s order to set 

aside the thresholds.  However, this litigation remains pending as the California Supreme 

Court recently accepted a portion of CBIA's petition to review the appellate court's 

decision to uphold BAAQMD's adoption of the thresholds.  The specific portion of the 

argument to be considered is in regard to whether CEQA requires consideration of the 

effects of the environment on a project (as contrasted to the effects of a proposed project 

on the environment).  The remaining legal arguments are not considered to affect this 

project.  Therefore, the significance thresholds contained in the BAAQMD’s May 2011 

CEQA Air Quality Guidelines are applied to this project 

Evaluation of Project Emissions 

The Bay Area is currently considered a non-attainment area for ground-level ozone and 

fine particulate matter (PM
2.5

) under both the Federal Clean Air Act and the California Clean 

Air Act. The area is also considered non-attainment for respirable particulates or 

particulate matter with a diameter of less than 10 micrometers (PM
10

) under the California 

Clean Air Act, but not the Federal act. The area has attained both State and Federal 

ambient air quality standards for carbon monoxide. As part of an effort to attain and 

maintain ambient air quality standards for ozone and particulate matter (i.e., PM
10

 and 

PM
2.5

), the BAAQMD has established updated thresholds of significance for these air 

pollutants and their precursors. These thresholds are for ozone precursor pollutants (ROG 

and NO
x

), PM
10

, and PM
2.5

. Emission-based thresholds apply to both construction period 

and operational period impacts.  

The 2015 Project is the expansion of the existing gas station that would result in 

increased traffic, additional truck deliveries, and the attraction of diesel vehicles to the 

new diesel fuel pumps. This new traffic would lead to increased pollutant emissions. The 

storage and transfer of gasoline, although controlled through implementation of special 

equipment prescribed by BAAQMD, results in emission of air pollutants (i.e., ROG). 

Due to the size of the 2015 Project, construction exhaust emissions would be less than 

significant. In the 2011 update to the BAAQMD CEQA Air Quality Guidelines, BAAQMD 

identified the size of land use projects that could result in significant air pollutant 

emissions. For construction exhaust impacts, the gasoline station size was identified at 

277,000 square feet. The proposed project would be much smaller and not include any 

substantial earthwork. 
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Air pollutant emissions associated with operation of the project was computed based on 

these three primary sources: 

 Tailpipe emissions from new vehicle trips generated by the project; 

 Tailpipe emissions from vehicles idling in queues waiting to access pumps; and 

 Evaporative emissions from the transfer and storage of gasoline (i.e., underground 

tank filling, tank breathing and vehicle fueling and spillage). 

The California Emissions Estimator Model, Version 2013.2.2 (CalEEMod) was used to 

predict project emissions. Operational emissions, included primarily those from traffic 

and energy usage, are predicted by the model. Daily traffic generation (see the 

Transportation/Traffic section of this Addendum) were input to the model, which are 

based on traffic counts and the number of fuel dispensing pumps associated with the 

fueling station.
16 The trip generation rates include adjustments for internalization and 

passby trips. No diverted trips were assumed for this analysis. Default trip lengths and 

vehicle type were used in the analysis. Other model defaults for area sources, energy 

usage water consumption and waste generation were assumed. Operation of the 2015 

Project was assumed for 2016. The CalEEMod modeling output is provided in Appendix A. 

 

The CalEEMod model does not account for additional emissions due to vehicle queuing 

that could occur during certain peak hours at the fueling station. However, the traffic 

study performed for this Addendum (see Transportation/Traffic) shows a decrease in 

queuing at the station as a result of the 2015 Project. Idling emissions, due to vehicle 

queuing were considered to be negligible compared to vehicle trip emissions. 

 

The transfer and storage of gasoline results in emissions of organic compounds, referred 

to as total organic compounds (TOG). These TOG emissions are assumed to be same as 

reactive organic gases or ROG. These gases, when combined with nitrogen oxides (NO
x

) 

lead to ozone formation. ROG emissions for the proposed gas station were computed 

based on recent emission factors developed by CARB.
17

 The emission factors are based on 

annual gasoline throughput and account for emissions from fuel storage tank loading and 

pressure driven (breathing) losses, motor vehicle refueling, spillage while refueling, and 

minor emissions from vapor permeation through gasoline dispensing hoses. The fueling 

                                                

 

16

 Kittelson & Associates, Inc., 2015. Memo to Urban Planning Partners: Concord Costco Gasoline Fuel 

Station Expansion Vehicle Trip Generation and Queuing Summary. January 20. 

17

 CARB. 2013. Revised Emissions Factors for Gasoline Marketing Operations at California Gasoline 

Dispensing Facilities. December 23, 2013.  
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emission factors take into account the effects of vehicles equipped with onboard refueling 

vapor recovery (ORVR) systems. ORVR systems were phased in beginning with 1998 model 

year passenger vehicles, and are now installed on all passenger, light-duty, and medium-

duty vehicles manufactured since the 2006 model year. Emissions were calculated based 

on a maximum annual throughput of 21.6 million gallons per year, which, according to 

Costco, is the maximum throughput allowed in the BAAQMD permit for this facility. 

Emission calculations from transfer and storage of gasoline are provided in Appendix B. 

 

Table 1 provides annual and average daily emissions of air pollutants associated with the 

fueling station. As shown, the change in emissions would be below the significance 

thresholds, and thus, the impact would be less-than-significant. 

TABLE 1. COSTCO FUELING STATION PROJECT OPERATIONAL EMISSIONS 

 

Emission Source 

 

ROG or 

VOC 

 

NO
x

 

PM
10

 

Exhaust 

PM
2.5

 

Exhaust CO
2

e
1

 

Existing Fuel Station Emissions      

Motor vehicles (from CalEEMod) in tons 2.37 4.48 0.05 0.05 2,965 

Evaporative gasoline emissions in tons 5.66 0.00 0.00 0.00 0 

Total Annual Emissions in tons 8.03 4.48 0.05 0.05 2,965 

Existing Plus Project Emissions      

Motor vehicles (from CalEEMod) in tons 2.60 4.90 0.06 0.05 3,247 

Evaporative gasoline emissions in tons 5.66 0.00 0.00 0.00 0 

Total Annual Emissions in tons 8.26 4.90 0.06 0.05 3,247 

Net Change 0.23 0.42 0.01 <0.01 282 

BAAQMD Thresholds (tons/year) 10 10 15 10 1,100 

Significant? No No No No No 

Change in Daily Emissions (lb/day)
2

 1.26 2.3 <0.1 <0.1 -- 

1999 EIR Thresholds (lbs/day) 80 80 80 None -- 

2011 BAAQMD Thresholds (lbs/day) 54 54 82 54 -- 

Significant? No No No No -- 

1 Reported in metric tons. Emissions of CO2e are discussed in Section III.G., Greenhouse Gas Emissions. 

2 Assuming 365 days of operation 

Source: Illingworth & Rodkin, 2015. 

 

 

Evaluation of Community Risk Impacts 

Toxic Air Contaminants (TACs) are a broad class of compounds known to cause morbidity 

or mortality (usually because they cause cancer or serious illness) and include, but are not 

limited to, criteria air pollutants. TACs are found in ambient air, especially in urban areas, 

and are caused by industry, agriculture, fuel combustion, and commercial operations 

(e.g., dry cleaners). TACs are typically found in low concentrations, even near their source 

(e.g., diesel particulate matter near a highway). Because chronic exposure can result in 
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adverse health effects, TACs are regulated at the regional, state, and federal level. The 

identification, regulation, and monitoring of TACs is relatively new compared to that for 

criteria air pollutants that have established ambient air quality standards. TACs are 

regulated or evaluated on the basis of risk to human health rather than comparison to an 

ambient air quality standard or emission-based threshold. 

Diesel exhaust, in the form of diesel particulate matter (DPM), is the predominant TAC in 

urban air with the potential to cause cancer. It is estimated to represent about two-thirds 

of the cancer risk from TACs (based on the statewide average). According to the California 

Air Resource Board (CARB), diesel exhaust is a complex mixture of gases, vapors, and fine 

particles. This complexity makes the evaluation of health effects of diesel exhaust a 

complex scientific issue. Some of the chemicals in diesel exhaust, such as benzene and 

formaldehyde, have been previously identified as TACs by the CARB, and are listed as 

carcinogens either under the State's Proposition 65 or under the federal Hazardous Air 

Pollutants programs. California has adopted a comprehensive diesel risk reduction 

program. The U.S. Environmental Protection Agency (EPA) and the CARB adopted low-

sulfur diesel fuel standards in 2006 are designed to reduce diesel particulate matter 

substantially. The CARB recently adopted new regulations requiring the retrofit and/or 

replacement of diesel construction equipment, on-highway diesel trucks, and diesel buses 

in order to lower fine particulate matter (PM
2.5

) emissions and reduce state-wide cancer 

risk from diesel exhaust.  

Gasoline-powered vehicles, particularly light-duty autos and trucks emit TACs mostly in 

the form of total organic gases (TOG). TOG emissions associated with these types of 

vehicles occur primarily in two forms: running exhaust and evaporative running losses. 

Additional TOG emissions occur when starting a vehicle, especially cold vehicles. Mobile 

source TOG includes TACs such as benzene, 1,3-Butadiene and formaldehyde. Emissions 

of these TACs are controlled through requirements of motor vehicle exhaust systems and 

the formulation of gasoline by the U.S. EPA and CARB. Benzene is a fundamental 

component of gasoline and diesel fuel as well as vehicle exhaust. Benzene is emitted 

through the evaporation of gasoline vapors. Since it is known to cause cancer in humans, 

benzene was classified as a TAC in 1984 by CARB. Benzene emissions from fuel use are 

regulated in numerous ways that include standards for the formulation of gasoline, 

vehicle emission standards, and vapor control systems for storage, fuel dispensing 

facilities and vehicle on-board fuel systems. 

Particulate matter in excess of state and federal standards represents another challenge 

for the Bay Area. Elevated concentrations of PM
2.5

 are the result of both region-wide (or 

cumulative) emissions and localized emissions. High particulate matter levels aggravate 

respiratory and cardiovascular diseases, reduce lung function, increase mortality (e.g., 

lung cancer), and result in reduced lung function growth in children. 
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Emissions of TACs potentially associated with the 2015 Project were estimated using 

various emissions models. Concentrations of these pollutants in the ambient air are 

estimated using the ISCST3 dispersion model. Modeling allows the estimation of both 

short-term and long-term average concentrations in air for use in a health risk 

assessment, accounting for site specific terrain and meteorological conditions. Health 

risks potentially associated with the estimated concentrations of pollutants in the air are 

characterized in terms of excess lifetime cancer risks (for carcinogenic substances), or 

comparison with reference exposure levels (RELs) for non-cancer health effects (for non-

carcinogenic substances). A REL is a concentration in the air at or below which no adverse 

health effects are anticipated. RELs are based on the most sensitive adverse effects 

reported in the medical and toxicological literature. 

Health risks were evaluated for a maximum exposed individual (MEI).  Health risks were 

predicted over a receptor grid that represents all sensitive receptors in the area 

(residences, schools, etc.).    The MEI is located at the maximum impact sensitive receptor 

(sensitive receptors are described below). Impacts are judged based on predictions at the 

MEI.  Health risks potentially associated with concentrations of carcinogenic air pollutants 

were calculated as estimated excess lifetime excess cancer risks. The excess lifetime 

cancer risk for a pollutant is estimated as the product of a lifetime dose and the cancer 

potency factor derived by the California Office of Environmental Health Hazard 

Assessment (OEHHA). In other words, it represents the increased cancer risk associated 

with an almost continuous exposure to concentrations of toxic air contaminants in the air 

over a 70-year lifetime.  

Evaluation of potential non-cancer health effects from exposure to short-term and long-

term concentrations in the air was performed by comparing modeled concentrations in air 

with the RELs. Potential non-cancer effects were evaluated by calculating a ratio of the 

modeled concentration in the air and the REL. This ratio is referred to as a hazard index. 

The cancer potency factors, unit risk values and RELs used to characterize health risks 

associated with modeled concentrations in the air were based on information from the 

BAAQMD and the OEHHA. 

There are groups of people more affected by air pollution than others. CARB has identified 

the following persons who are most likely to be affected by air pollution: children under 

14, the elderly over 65, athletes, and people with cardiovascular and chronic respiratory 

diseases. These groups are classified as sensitive receptors. Locations that may contain a 

high concentration of these sensitive population groups include residential areas, 

hospitals, daycare facilities, elder care facilities, elementary schools, and parks. For cancer 

risk assessments, children are the most sensitive receptors, since they are more 

susceptible to cancer causing TACs. Residential locations are assumed to include infants 

and small children. The area surrounding the project site is predominantly commercial 

and industrial. The closest sensitive receptors are residences located about 250 feet 
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northwest of the gas station in the Vista Del Monte mobile home park on the north side of 

Monument Boulevard. These residential receptor locations are shown in Figure III.C. 

Since the 1999 EIR, BAAQMD adopted significance thresholds to evaluate localized 

impacts from emissions of TACs. The BAAQMD identified significance thresholds for 

exposure to TACs and PM
2.5

 as part of its May 2011 CEQA Air Quality Guidelines.
18

 As 

discussed previously this report uses the thresholds and methodologies from BAAQMD’s 

May 2011 CEQA Air Quality Guidelines to determine whether there would be any project 

health risk impacts. This report addresses single-source (operational) impacts to nearby 

off-site receptors. The following are the significance criteria used to evaluate the 2015 

Project’s impacts: 

Single-Source Impacts. If emissions of TACs or PM
2.5

 exceed any of the thresholds of 

significance listed below, the project would result in a significant impact and 

mitigation would be required. 

 An excess cancer risk level of more than 10 in 1 million, or a non-cancer 

(chronic or acute) hazard index greater than 1.0. 

 An incremental increase of more than 0.3 micrograms per cubic meter (µg/m
3

) 

annual average PM
2.5

. 

 

Cumulative-Source Impacts. A project would have a cumulatively considerable impact 

if the aggregate total of all past, present, and foreseeable future sources within a 

1,000 foot radius of the fence line of a source or from the location of a receptor, plus 

the contribution from the project, exceeds the following thresholds.  

 An excess cancer risk levels of more than 100 in one million or a chronic non-

cancer hazard index (from all local sources) greater than 10.0.  

 0.8 µg/m
3

 annual average PM
2.5

. 

 

Local traffic generated by the project along with evaporative emissions from gasoline 

fueling could lead to operational community risk impacts. Specific sources of emissions 

                                                

 

18 

BAAQMD, 2011. BAAQMD CEQA Air Quality Guidelines. May.  
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FIGURE 1 – SENSITIVE RECEPTOR LOCATIONS AND PROJECT VEHICLE TRAVEL ROUTES 
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include traffic traveling to and from the project, traffic idling at the project, truck traffic 

accessing the site (importing fuel) and evaporative emissions of fuel from transfer and 

storage of gasoline (i.e., underground tank filling, tank breathing and vehicle fueling and 

spillage). Impacts from each of these sources are addressed. These sources are assumed 

to be operational well into the future (i.e., 70 years). The year 2016 was assumed to be 

the first full year of operation and was used as the year of analysis for generating 

emission rates. Emission rates are anticipated to decrease in the future due to 

improvements in exhaust systems and turnover of the fleet from older, more polluting 

vehicles, to newer cleaner vehicles. 

2015 Project Traffic 

As discussed in the Transportation/Traffic section of this Addendum and in Appendix C, 

the existing fueling station plus 2015 Project would generate approximately 6,519 

average daily trips, of which 326 would be new diesel customers. The primary TACs of 

concern from 2015 Project traffic are new diesel and non-diesel mobile source air toxics 

found in TOG. This includes diesel particulate matter (or DPM) and 14 different toxic 

components of TOG running exhaust emissions. In addition, evaporative emissions of 

TOG from vehicles emit five different toxic components. The EMFAC2011 emission factor 

model provided emission rates of PM
2.5

, DPM (PM
2.5 

exhaust from diesel vehicles) TOG for 

running exhaust and TOG evaporative loss emissions. All vehicles using the fueling station 

were assumed to be light-duty autos, light-duty trucks or medium-duty trucks and 

vehicles. The percentage breakdown was based on the San Francisco Bay Area fleet 

average as reported by EMFAC2011. BAAQMD has developed weighted toxicity values for 

tailpipe and evaporative losses that incorporates the individual toxicity of each compound 

that make up TOG.
19

 The summation of all of the individual weighted toxicity values 

developed by BAAQMD is then cumulatively weighted and applied in the risk and hazard 

calculations. PM
2.5

, DPM, and TOG emission rates used in the analysis are provided in 

Appendix B. 

Idling emissions due to vehicles queuing were computed using the EMFAC2011 motor 

vehicle emission factor model. Idle emissions were computed by converting 5 mile-per 

hour exhaust PM
2.5

 and TOG emissions rates into hourly emissions. The traffic report 

predicted an average of 85 vehicle queuing hours per day with the 2015 Project. Annual 

emissions assumed similar operating conditions 365 days per year. Evaporative TOG 

emissions from queuing were calculated in a similar manner. The analysis of queuing 
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 BAAQMD. 2012. Recommended Methods for Screening and Modeling Local Risks and Hazard. May. 
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TOG, DPM, and PM
2.5

 emissions is also provided in Appendix B. 

Assuming an annual throughput that is equivalent to the maximum throughput allowed 

under BAAQMD permit conditions, there would be 11 to 13 truck delivery trips per day. 

This estimate is based on a permitted maximum throughput of 21.6 million gallons per 

year and a capacity of 9,000 gallons per truck delivery.
20

 These deliveries were assumed to 

be made by heavy-duty diesel trucks. The TAC of concern from trucks is DPM. PM
2.5

 is the 

air pollutant of concern that is addressed in community risk assessments. The CARB 

EMFAC2011 model was used to predict PM
2.5

 emission rates from these trucks. DPM, the 

TAC of concern, is considered to be all PM
2.5

 running exhaust, whereas total PM
2.5

 includes 

exhaust, brake wear and tire wear. Emission rates for truck traffic are also included as 

Appendix B. 

Fueling Emissions 

As previously described, emissions of ROG (assumed to be the same as TOG) were 

computed based on the maximum allowable throughput of gasoline (i.e., 21.6 million 

gallons). Emissions of TOG and benzene, which is a TAC, were computed using CARB 

emission factors for gasoline dispensing facilities and assuming that benzene makes up 

0.3 percent of gasoline vapor.
21

 Total benzene emissions were calculated at 33.9 pounds 

per year. The modeling assumed the fuel station would operate 17 hours per day between 

5:00 a.m. and 10:00 p.m., 365 days per year. Appendix B includes emissions of fueling 

storage and transfer TOG and benzene emissions. 

Dispersion Modeling  

The U.S. EPA ISCST3 dispersion model was also used to predict concentrations of TOG, 

DPM, PM
2.5

, and benzene from operation of the 2015 Project at off-site sensitive receptors 

in the vicinity of the project site. Modeling was conducted using a 5-year (2001-2005) 

hourly meteorological data set from the Concord Sewage Treatment Plant prepared for 

use with the ISCST3 model by the BAAQMD.  

Truck and other vehicle emissions were modeled as line sources (a series of volume 

sources along a line) representing on-site and off-site travel routes. It was conservatively 
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 Personal correspondence with Matt Cyr of Barghausen Consulting Engineers, Inc. January 20, 2015. 
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 CAPCOA. 1997. Air Toxics "Hot Spots" Program, Gasoline Service Station Industrywide Risk Assessment 

Guidelines, November 1997 
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assumed that all vehicles traveling to and from the gas station would travel along 

Monument Boulevard. Emissions from a 2,200 foot section of Monument Boulevard 

adjacent to the project site were modeled, with the modeled roadway extending about 

1,100 feet away from the site in each direction. Due to the limited ability for traffic 

traveling from the northeast to the southwest on Monument Boulevard to access the 

Costco site (i.e., a center divider strip with no turn lane in/out of the Costco parking lot), 

only the southwest to northeast travel lanes were modeled. Off-site vehicles were assumed 

to be traveling at an average speed of 20 mph. On-site travel to the gas station was 

assumed to enter the Costco parking lot from Monument Boulevard then travel through 

the parking lot to the station and finally exit the station and travel back through the 

parking lot and exit the site to Monument Boulevard. On-site vehicle travel was assumed 

to at 5 mph. The off-site and on-site travel routes included in the modeling are shown in 

Figure III.C. Emissions due to vehicle idling were modeled as a single volume source 

located in the station’s approach queue area and the pump area itself.  Emission release 

heights for the volume sources modeled were assumed to be 1.3 meters (4.3 feet).   

Benzene emissions from the fuel station were modeled using volume sources as 

recommended by CAPCOA. Eight volume sources with side lengths of 10 meters (33 feet) 

and a 4 meter (13 feet) height were used. Four of the volume sources were used to 

represent vehicle fueling emissions with a release height of 1 meter and the other four 

volume sources represented the emission from fuel spillage and dispensing hose 

permeation and used a release height of 0 meters. Emissions from fuel storage tanks were 

included in the volume sources for refueling. The fuel station emissions and queuing 

emissions were modeled as occurring 17 hours per day.  

TOG, DPM, PM2.5, and benzene concentrations were predicted at the closest sensitive 

receptors (residences) near the project site at a height of 1.5 meters (5 feet). Modeled 

vehicle routes, receptors, and location of maximum impacts are shown in Figure III.C. 

Dispersion modeling information for these sources is included in Appendix B. 

Cancer Risk, PM
2.5 

and Hazards 

Using the maximum modeled DPM, TOG and benzene concentrations, individual cancer 

risks were computed using the most recent methods recommended by BAAQMD including 

nearly continuous exposures. Based on modeled TAC concentrations, cancer risks were 

calculated for a 70-year exposure assuming constant emissions at 2016 levels over the 
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entire 70 year period for residences. A cancer risk adjustment factor of 1.7 was applied to 

residential exposures to account for age sensitivity.
22

   

Table 2 shows the excess cancer risk, annual PM2.5 concentration and acute or chronic 

hazards associated with existing conditions, existing plus project, and net increase in 

health risks at the location of the residential MEI. In addition, other substantial sources of 

TACs located within 1,000 feet of the project site are included. The net increase in excess 

cancer risk associated with project operation would be less than 2.0 chances per million. 

The maximum annual PM
2.5

 concentration increase would 0.01 µg/m
3

.  These levels are 

below the significance thresholds for cancer risk and annual PM
2.5

 concentrations. The 

predicted Hazard Index is well below the significance threshold. 

Summary of Impacts 

This analysis found that the TAC emissions from operation of the proposed project would 

not exceed the thresholds of significance for community risk impacts in terms of excess 

lifetime cancer risk, annual PM
2.5

 concentrations and Hazard Index. Both single-source and 

cumulative-source thresholds for community risk would not be exceeded. As a result, the 

2015 Project would have a less than significant impact in terms of exposing sensitive 

receptors to substantial air pollutant concentrations. 

                                                

 

22

 Bay Area Air Quality Management District (BAAQMD), 2010, Air Toxics NSR Program Health Risk 

Screening Analysis Guidelines, January. 
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TABLE 2.  COSTCO FUELING STATION COMMUNITY RISK IMPACTS 

Receptor/Source 

Community Risk Impact 

Excess 

Cancer Risk 

(per million) 

Annual PM
2.5

 

Concentration 

(µg/m
3

) 

Hazard Index 

(highest of Acute 

or Chronic) 

Project at MEI 

Existing Project Health Risks    

Traffic (on- and off-site vehicle trips 

& idling) 

0.6 0.02 <0.01 

Benzene (from fuel evaporation) 0.4 0.00 <0.01 

Total  1.0 0.02 <0.01 

Existing Plus Project Health Risks    

Traffic (on- and off-site vehicle trips 

& idling) 

2.6 0.03 <0.01 

Benzene (from fuel evaporation) 0.4 0.00 <0.01 

Total 3.0 0.03 <0.01 

Net Change 2.0 0.01 <0.01 

Significance Threshold (Project) 10 0.3 1.0 

Cumulative Sources at MEI 

Monument Blvd. traffic
1

 4.3 0.17 <0.03 

World Oil Marketing Company #26 

(Plant G6899)
2

 

1.6 <0.04 0.00 

ARCO Service Station (Plant G5954) 

at over 450 feet
2

 

3.2 <0.08 0.00 

Monument Cleaners (Plant 7662) at 

over 800 feet 

<12.4 <0.03 0.00 

Maximum Cumulative including 

Project 

<25.5 <0.32 <0.03 

Significance Threshold (Cumulative) 100 0.8 10.0 

Significant? No No No 

1

 Based on BAAQMD Roadway Screening Analysis Tables for North-South Roadway with 40,000 ADT at 10 feet. 

2

 Based on BAAQMD Google Earth Stationary Source Screening Analysis Tool and Distance Adjustment Multiplier 

Tool for Gasoline Dispensing Facilities at 450 feet. 
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D. BIOLOGICAL RESOURCES 

The 1999 EIR analyzed the potential impacts to biological resources that could occur as a 

result of the Approved Project (including but not limited to the gas station component). In 

the topics analyzed, the 1999 EIR determined that the Approved Project would have three 

significant impacts on biological resources. One impact was related to the loss of 

potential breeding habitat for migratory birds and potential roosting habitat for special-

status bat species due to tree removal and the demolition of previously existing buildings. 

The other two impacts were on water quality in Pine Creek due to construction activities 

and runoff from the gas station and parking lot. These impacts were mitigated to a less-

than-significant level through the mitigation measures included in the 1999 EIR. 

The 2015 Project is the expansion of the existing gas station.  The 2015 Project site is 

part of the Approved Project site.  The trees and buildings discussed in the 1999 EIR have 

since been removed, the 2015 Project site was disturbed and developed in connection 

with the Approved Project construction and is subject to ongoing operations, it contains 

limited vegetation and no valuable habitat. The 2015 Project would add three trees and 

would not involve tree removal. As a result, the 2015 Project would not worsen the 

severity of any impacts or result in any new significant impacts related to the loss of 

special status species or potential habitat for special status species than those previously 

identified in the 1999 EIR and subsequently mitigated. 

The 2015 Project proposes the addition of new MPDs, USTs, a canopy addition, and 

updated landscaping, the implementation of which would modify approximately one 

percent of the site by grading. Existing asphalt and concrete surfaces would be modified, 

and cuts and fills on site would range from approximately 0 to 18 feet in depth to 

accommodate construction and installation of the project components. These cuts and 

fills do not correspond to site grading but rather installation of the three USTs. Overall, 

approximately 995 cubic yards of dirt would be moved during the process. All of the 

construction contemplated under the Approved Project and evaluated in the 1999 EIR for 

the gas station component was executed. This construction therefore would be new 

construction. However, it represents a small fraction of the construction proposed and 

completed by the Approved Project. The 1999 EIR required the preparation of Storm Water 

Pollution Prevention Plan (SWPPP) as mitigation and that topsoil and equipment be located 

in areas where runoff to Pine Creek would not occur. The 2015 Project could further 

minimize water quality impacts to Pine Creek as the new bio-retention area would treat 

over 10,000 square feet of impervious surface where there was no treatment before. This 

mitigation measure was implemented as a condition of project approval to reduce the 

adverse impact of construction on Pine Creek water quality to a less-than-significant level. 

The 2015 Project would also be required to develop and implement a Storm Water 

Pollution Prevention Plan (SWPPP), a California regulatory requirement under the State 

Water Resources Control Board’s Construction General Permit, as discussed further in 
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Section III.I, Hydrology and Water Quality. Given the relatively small scale of the 

construction, this would ensure that any adverse impact resultant of construction is 

mitigated to a less-than-significant level and ensure no increased severity in the previously 

identified effect and no new significant environmental effects. 

The 1999 EIR required mitigation to reduce the impact of pollutant runoff from the gas 

station to Pine Creek to a less-than-significant level. Mitigation 4.5-5A and 4.5-5B required 

the installation of oil/water separators in the storm drain system and the preparation of a 

containment plan to prevent runoff of oil, grease, and pollutants into Pine Creek. The 

2015 Project is an expansion of the existing gas station and would be served by the 

existing oil/water separators and containment plan. It is not anticipated that the addition 

of MPDs to the fueling area will increase the volume of fuel discharge, so no changes to 

the existing oil/water separator will be necessary to accommodate the 2015 Project. There 

are shutoff measures in place at the dispensers to prevent spillage. The containment plan 

that is currently in place will be sufficient to accommodate the 2015 Project.
23

 As a result, 

no increase in the severity of the previously identified impact or creation of any new 

impacts related to pollutant runoff would result. The provision of diesel, newly 

incorporated as part of the 2015 Project, would not affect existing mitigations.
24

 

Overall, the circumstances under which the Approved Project was undertaken have 

changed in that the Approved Project site and its immediate vicinity are further disturbed 

by development than was originally analyzed in the 1999 EIR. Given this further 

disturbance and development, biological resources are less likely to be present on site in 

its vicinity and no new impacts on biological resources are expected to occur as a result of 

the 2015 Project. 

No new or substantially more severe significant biological resource effects would 

occur and no additional mitigation measures are required. 

E. CULTURAL RESOURCES 

The 1999 EIR analyzed the potential impacts to cultural resources that could occur as a 

result of the Approved Project. The 1999 EIR determined that construction of the 

                                                

 

23

 Stubbs, Keith, Barghausen Consulting Engineers, Inc., on behalf of Costco Wholesale, 2015. Personal 

communication with Urban Planning Partners, May 19. 

24

 Cyr, Matt, Project Planner, Barghausen Consulting Engineers, Inc., on behalf of Costco Wholesale, 2015. 

Personal communication with Urban Planning Partners, May 19. 
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Approved Project could have one potentially significant impact on historic and/or 

archaeological resources, which would be reduced to a less-than-significant level with 

mitigation. Mitigation 4.9-1A and 4.9-1B required that work be halted if cultural resources 

were encountered during grading or excavation, and that construction cease and further 

investigation occur if human remains were found. These mitigations were incorporated as 

conditions of project approval, and would be similarly incorporated as conditions of 

approval for the 2015 Project. Given, however, that the 2015 Project is the expansion of 

an existing gas station that was constructed on the same site through the grading and 

excavation undertaken as part of the Approved Project, and that the 2015 Project would 

involve cuts and fills at an approximate maximum depth of 18 feet, it is unlikely that any 

ground that was not previously disturbed by construction of the Approved Project would 

be disturbed by the 2015 Project’s construction, and that any cultural resources not 

already uncovered would be found. As a result, no new or substantially more severe 

significant effects related to cultural resources are expected to occur as a result of the 

2015 Project.  

No new or substantially more severe significant cultural resource effects would occur 

and no additional mitigation measures are required. 

F. GEOLOGY AND SOILS 

The 1999 EIR found, based on the Initial Study completed, no significant impacts related 

to geology and soils for the Approved Project. The Approved Project site is located 

approximately ¼ mile west of the Concord fault and approximately 14 and 33 miles east 

of the Hayward and San Andreas faults, respectively. The site is not located within an 

Alquist-Priolo Earthquake Fault Zone and no mapped faults are known to traverse the site. 

The Initial Study identified that the Approved Project site would be subjected to major 

shaking during the life of the project but that buildings would be designed in accordance 

with applicable seismic provisions of the building codes. The Initial Study also identified 

low potential for liquefaction, landslide, mudflow, and erosion, and no unique geologic or 

physical features on the site.  

The 2015 Project is an expansion of the gas station component of the Approved Project 

within the existing site, which was studied and found to have no significant adverse 

effects related to geology and soils; the 2015 Project is not expected to have any 

significant impact related to geology and soils. Furthermore, the 2015 Project would be 

subject to applicable provisions of seismic building codes. 

No new or substantially more severe significant geology and soils effects would occur 

and no additional mitigation measures are required. 
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G. GREENHOUSE GAS EMISSIONS 

The 1999 EIR did not address greenhouse gas (GHG) emissions associated with the 

project, since guidance to evaluate such impacts had not yet been established. In June 

2010, BAAQMD adopted thresholds of significance to assist in the review of GHG 

emissions impacts under CEQA. These thresholds were designed to establish the level at 

which BAAQMD believed GHG emissions would cause significant environmental impacts 

under CEQA and were posted on BAAQMD’s website and included in the Air District's 

updated CEQA Guidelines (May 2011). It is important to note that while the CEQA 

requirement was imposed after the 1999 EIR was adopted, global warming has been 

known since the 1970s. That information, together with information about potential 

impacts relating to global warming caused by GHGs, was available at the time the 1999 

EIR was adopted and thus is not “new information of substantial importance which was 

not known and could not have been known” at the time of the adoption of the 1999 EIR. 

The significance thresholds identified by BAAQMD are as follows: 

1. Compliance with a Qualified GHG Reduction Strategy or 

2. Emissions of 1,100 metric tons or 4.6 metric tons per capita 

BAAQMD’s adoption of significance thresholds contained in the 2011 CEQA Air Quality 

Guidelines were called into question by an order issued March 5, 2012, in California 

Building Industry Association (CBIA) v. BAAQMD (Alameda Superior Court Case No. 

RGI0548693). The order requires BAAQMD to set aside its approval of the thresholds until 

it has conducted environmental review under CEQA. The ruling made in the case 

concerned the environmental impacts of adopting the thresholds and how the thresholds 

would indirectly affect land use development patterns. In August 2013, the Appellate 

Court struck down the lower court’s order to set aside the thresholds. However, this 

litigation remains pending as the California Supreme Court recently accepted a portion of 

CBIA's petition to review the appellate court's decision to uphold BAAQMD's adoption of 

the thresholds. The specific portion of the argument to be considered is in regard to 

whether CEQA requires consideration of the effects of the environment on a project (as 

contrasted to the effects of a proposed project on the environment). Therefore, the 

significance thresholds contained in the 2011 CEQA Air Quality Guidelines are applied to 

this project. 

The City of Concord’s Climate Action Plan, adopted in July 2013, serves as a Qualified 

GHG Reduction Strategy or a community-wide plan to reduce GHG emissions in 

accordance with the goals of Assembly Bill 32 (AB 32) and BAAQMD CEQA Air Quality 

Guidelines. A Scoping Plan for AB 32 was adopted by CARB in December 2008. It contains 

the State of California’s main strategies to reduce GHGs from business-as-usual emissions 

projected in 2020 back down to 1990 levels. Business-as-usual (BAU) characterizes the 
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projected emissions in 2020, including increase in emissions caused by growth, without 

any GHG reduction measures. The Scoping Plan has a range of GHG reduction actions, 

including direct regulations, alternative compliance mechanisms, monetary and non-

monetary incentives, voluntary actions, and market-based mechanisms such as a cap-and-

trade system. 

One purpose of the Qualified GHG Reduction Strategy is to streamline the decision-making 

process regarding a proposed project’s impact on GHG emissions within the City. The 

project would not require a General Plan Amendment. The project is subject to relevant 

Climate Action Plan measures. The project does not conflict with any of the Climate Action 

Plan policies. It is noted that given the type and small size of the project, none of the 

policies or programs would be directly applicable to the project. As a result, the project 

would be considered consistent with the City’s adopted Climate Action Plan and would 

result in less-than-significant impacts with respect to GHG emissions. 

As detailed in Section III.C, Air Quality, GHG emissions associated with the project were 

computed using the CalEEMod model and are summarized here for informational 

purposes only. As shown in Table 1 (see Table 1, Costco Fueling Station Project 

Operational Emissions of Section III.C, Air Quality), expansion of the facility under the 

proposed project would increase emissions by 282 metric tons of equivalent carbon 

dioxide (CO
2

e)
25

. This modeled increase in emissions is well below the BAAQMD “bright 

line” significance threshold of 1,100 metric tons per year. Because the project would be 

constructed in a community that has adopted a qualified GHG Reductions Strategy, and 

the project itself would not cause emissions to exceed 1,100 metric tons annually, the 

impact of the project related to GHG emissions would be less than significant. 

H. HAZARDS AND HAZARDOUS MATERIALS 

The 1999 EIR analyzed the potential impacts to hazards and hazardous materials that 

could occur as a result of the Approved Project and identified no significant impacts. The 

1999 EIR discussed the potential hazard issues associated with the gas station, and found 

that, although the gas station would create a potential for fire, explosion, or the release of 

hazardous materials into the environment, the detailed regulatory requirements 

pertaining to the project would reduce such threats to a minimum. The 1999 EIR 

additionally stated that the proposed facility would be typical of urban development 

                                                

 

25

 CO2e refers to equivalent carbon dioxide emissions that account for the emissions of other GHGs 

besides carbon dioxide and considers their potential global warming effect in terms of carbon dioxide.  
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operating safely throughout the United States and would not pose an undue threat to 

public health and safety.  

The 2015 Project would expand the existing gas station, adding four new MPDs, as well as 

two new USTs—one 20,000-gallon diesel product UST and one 3,500-gallon 

gasoline/diesel split additive UST—and associated product piping. The USTs proposed as 

part of the 2015 Project are installed, maintained and regulated in the same manner.
26

 

These USTs would be subject to detailed regulatory requirements similarly to the 

Approved Project. Federal regulations under the Resource Conservation and Recovery Act 

of 1976 (RCRA) govern the installation and operation of USTs of at least 110 gallons which 

are used to store gasoline or other petroleum products. The USTs proposed by the 2015 

Project would therefore be required to comply with RCRA, as well as any applicable State 

regulations (which largely mirror federal regulations).  

The State’s Unified Hazardous Waste and Hazardous Materials Management Regulatory 

Program (Unified Program) (SB 1082, Calderon), developed Certified Unified Program 

Agencies (CUPAs) to act as local programs responsible for permitting underground 

storage tanks. The Contra Costa CUPA would be responsible for permitting the two 

underground storage tanks proposed as part of the 2015 Project. Compliance with this 

permitting process would ensure that the 2015 Project would not increase the severity of 

any impacts identified in the 1999 EIR. Additionally, as no new information of substantial 

importance relating to hazards has emerged, and as no other circumstances surrounding 

the project have changed, no new or more severe impacts relating to hazards would result 

from the 2015 Project. 

No new or substantially more severe significant hazards and hazardous materials 

effects would occur and no additional mitigation measures are required.  

I. HYDROLOGY AND WATER QUALITY 

The 1999 EIR analyzed effects to hydrology and water quality associated with 

implementation of the Approved Project and determined that the Approved Project would 

have five significant effects on hydrology and water quality that would all be reduced to 

less-than-significant levels with mitigation. The impacts were related to stormwater runoff, 

preventing future construction of a drainage outlet identified in the City’s Master Drainage 
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 Cyr, Matt, Project Planner, Barghausen Consulting Engineers, Inc., on behalf of Costco Wholesale, 2015. 

Personal communication with Urban Planning Partners, May 19. 
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Plan, construction of a new drainage connection, soil erosion during construction, and 

expected decline in the quality of stormwater runoff from the developed site. 

To address these impacts, the drainage plan for the Approved Project was refined to 

implement the recommended mitigation measures to ensure no increase in rate or total 

volume of runoff and that adequate infrastructure would be constructed. Additionally, a 

SWPPP was required to address construction-period soil erosion impacts. The impact on 

stormwater runoff quality was addressed by Mitigations 4.2-5A and 4.2-5B, as well as the 

installation of an oil/water separator at the gas station facility storm drain inlets and fossil 

filters for other inlets. Mitigations 4.2-5A and 4.2-5B required that the project sponsor 

prepare a plan for regular maintenance and long-term implementation of its Clean Water 

Program responsibilities, and that the drainage system and site plan be configured to 

provide infiltration areas throughout the project to capture the “first flush” of stormwater 

runoff. The measures and project revisions mentioned above reduced all significant 

impacts on hydrology and water quality identified for the Approved Project to a less-than-

significant level. 

As discussed in Section III.B, Biology of this Addendum, grading for the 2015 Project 

would be minimal, modifying only one percent of the 2015 Project site. Approximately 

995 cubic yards of dirt would be moved, and cuts and fills would range from 0 feet to a 

maximum of 18 feet deep. Portions of the existing concrete pavement would be 

demolished near the existing fueling islands and near the northern corner of the site 

(where the USTs would be installed), and new concrete pavement would be added beneath 

the canopy addition. Additionally, a new concrete swale would be constructed around two 

sides of the four-sided fueling area to provide under canopy drainage.  

The 2015 Project would add additional drainage features through landscaping, as 

required under the San Francisco Bay Region Municipal Regional Stormwater National 

Pollutant Discharge Elimination System (NPDES) Permit, discussed below. Approximately 

800 square feet of additional landscaping is proposed, which includes a water quality bio-

retention area that will treat runoff for over 10,000 square feet of impervious surface. Five 

existing parking stalls
27

 on the western portion of the gas station would be removed and 

                                                

 

27

 The 1999 EIR noted that the City of Concord parking ordinance requirement for this type of 

development was approximately 878 parking spaces, based on a ratio of 4.5 spaces per 1,000 square feet for 

the Costco store and 2.5 spaces per 1,000 square feet for the residual parking. The 1999 Project was therefore 

required to supply 878 parking spaces. The 2001 Approved Island did not eliminate any parking spaces from the 

total parking supply count. With the addition of the Approved Lot in 2001, the total parking space supply for the 

Approved Project increased to 944 parking spaces. At the time of preparation of this Addendum, the City of 
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replaced with this bio-retention area/Low Impact Development (LID) feature, which would 

be landscaped with a mix of trees, shrubs and groundcover. Three new trees would be 

planted as part of the 2015 Project and none would be removed. 

Overall, there will be a net decrease of less than 0.5 percent of impervious coverage as a 

result of the proposed improvements. Storm drainage for the project area would be 

collected in a series of on-site pipes and catch basins prior to discharge to the public 

storm drainage system, as it is under existing conditions. The canopy roof drain runoff 

would be principally directed to the existing, on-site storm drainage system. The under 

canopy area is hydraulically isolated, and existing under canopy storm drainage would be 

directed to the existing oil/water separator before discharge to the public storm drainage 

system. Those existing water quality improvements would substantially limit the chance 

that any metal or chemical, including oil or grease, could enter the storm drain, parking 

lot, street, or waterway . It is, in fact, likely that the 2015 Project would have a beneficial 

impact on the water quality of the storm drainage discharge from the project site, given 

the bio-retention area LID feature is proposed to treat previously untreated impervious 

areas. 

Additionally, as discussed in Section III.B, Biology of this Addendum, the 2015 Project 

would be required to prepare a SWPPP that would regulate runoff during construction and 

include Best Management Practices (BMPs) for erosion and sediment control, site 

management/housekeeping/ waste management, management of non-stormwater 

discharges, runon and runoff controls, and BMP inspection/maintenance/repair activities. 

The 2015 Project would also be required to comply with San Francisco Bay Region 

Municipal Regional Stormwater NPDES Permit, Order No. R2-2009-0074, NPDES Permit No. 

CAS612008, adopted October 14, 2009 (MRP), overseen by the San Francisco Bay Regional 

Water Quality Control Board, and any permit updates or successors thereto. MRP Provision 

C.3 addresses post-construction stormwater management requirements for new 

development or redevelopment projects at gas stations, a “Special Land Use Category,” 

that add and/or replace 5,000 square feet or more of impervious area. Provision C.3 

requires Regulated Projects to incorporate post-construction stormwater management 

measures, including site design measures, source control measures, and stormwater 

treatment measures to reduce stormwater pollution after construction of the project. 

                                                                                                                                               

 

Cocord code requires 4 parking spaces per 1,000 square feet, which calculates to 641.47 spaces for the 160,368 

square-foot Costco warehouse building. With the loss of five parking stalls for the bio-retention area, the total 

parking supply for the project would be 939 parking spaces, which exceeds the current minimum required stall 

count of 642 by 297 parking stalls. 
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These requirements are in addition to standard stormwater-related best management 

practices (BMPs) required during construction, such as sedimentation and erosion control 

measures. The proposed features of the 2015 Project, specifically the addition of the bio-

retention area LID feature, comply with and meet the requirements of Provision C.3. 

The significant impacts identified in the 1999 EIR for the Approved Project were 

eliminated or mitigated to a less-than-significant level.  The 2015 Project does not 

propose and changes to the existing drainage system—rather, it would add features that 

would improve water quality and drainage.  Consequently, the 2015 Project would not 

increase the severity of any previously identified impacts, nor would it create any new 

significant impacts. Additionally, as the site location and drainage pattern have not 

changed since the 1999 EIR, the 2015 Project would have no impacts related to hydrology 

and water quality that are based on changes to the circumstances under which the project 

is undertaken or based on new information. As a result, no additional mitigation measures 

related to hydrology and water quality are required for the 2015 Project. 

No new or substantially more severe significant hydrology and water quality effects 

would occur and no additional mitigation measures are required. 

J. LAND USE AND PLANNING 

The 1999 EIR analyzed effects of land use and planning policy associated with 

implementation of the Approved Project and determined that the Approved Project would 

result in three significant impacts related to land use incompatibility, which were 

determined per the City’s Statement of Findings to be reduced to less-than-significant 

levels through the required mitigation measures. Specifically, the 1999 EIR found that the 

Approved Project would be out of scale with the adjoining properties and many of the 

buildings in the project vicinity, that the parking lot lights and gas station canopy lights 

would create glare impacts for neighboring residents of the Sierra Gardens condominium 

development, and that construction-related impacts would occur without implementation 

of mitigation measures. 

The City’s Statement of Findings found that the proposed mitigation measures were 

sufficient to reduce each impact to a less-than-significant level. Mitigations 4.1-1A and 

4.1-1B required revisions to the Approved Project such as additional trellises and other 

landscaping and architectural details along the most visible elevations of buildings in 

order to reduce the significant impact related to building scale to a less-than-significant 

level. The glare impact of the parking lot lights and service station canopy lights on 

neighboring residents was reduced to a less-than-significant level through a project 

revision that relocated the gas station away from the Sierra Gardens condominium 

development. Additionally, Mitigation 4.1-2 required that the wattage of the parking lot 

lights be reduced and shorter light poles be installed. The third impact identified that 



ADDENDUM TO COSTCO WHOLESALE PROJECT EIR   MAY 2015 

ANALYSIS OF POTENTIAL ENVIRONMENTAL EFFECTS  

 

 

34 

 

construction-related impacts would occur without implementation of mitigation measures. 

Mitigations 4.1-3A and 4.1-3B were required as conditions of project approval and 

outlined particular actions to control fugitive dust during construction. Mitigation 4.1-3C, 

an additional condition of project approval, required the implementation of a noise 

attenuation plan. These mitigation measures ensured that land use compatibility impacts 

were mitigated to a less-than-significant level.  

Aside from the build out of the other components of the Approved Project (i.e., the Costco 

store, parking lot, etc.), the circumstances under which the project would be undertaken 

have not changed. The land uses surrounding the site are generally consistent with those 

analyzed in the 1999 EIR (the site is surrounded largely by commercial and retail uses, 

and no new residential developments have been constructed in the vicinity since the 1999 

EIR). No new information of substantial importance exists that would affect the validity of 

the 1999 EIR analysis for the 2015 Project. As a result, the 2015 Project would not result 

in any new or substantially more severe impacts related to land use planning and no new 

or different mitigation measures are necessary. 

The 2015 Project remains consistent with all applicable land use plans, policies, and 

regulations of agencies with jurisdiction over the project adopted for the purpose of 

avoiding or mitigating an environmental effect which were analyzed in the 1999 EIR. The 

project does not conflict with any plans or policies adopted since then, including the 

Concord 2030 General Plan (adopted in 2007 with subsequent amendments, including a 

Complete Streets amendment), and the adopted Climate Action Plan, as discussed in 

Section III.G, Greenhouse Gas Emissions. The 2015 Project is consistent with the 2030 

General Plan standards outlined for the Regional Commercial (RC) land use designation.
28

 

The 2015 Project is also consistent with the applicable zoning district for the site: the 

fueling facility is an allowed use in the Regional Commercial (RC) District subject to a Use 

Permit approval. The RC District is consistent with and implements the regional 

commercial (RC) land use designation of the General Plan, ensuring consistency between 

the definitions and requirements of the RC zoning district and land use designation.
29

 The 

2015 Project is an expansion of an existing use (the Approved Project) that was approved 

in 1999 and through subsequent use permits, and constructed shortly thereafter. The 

project complies with applicable provisions of the Concord Development Code and 

Concord Municipal Code, including Section 18.200.090, which specifically applies to gas 

                                                

 

28

 City of Concord, 2007. Concord 2030 General Plan. Volume I, p. 3-15. October 2. 

29

 City of Concord, 2015. Municipal Code, Section 18.40.010.E. 
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stations. This section includes specific setbacks for pump islands, minimum lot sizes, and 

equipment screening standards. The 2015 Project is compatible with these standards. 

2015 ProjectThe Land Use chapter of the General Plan identifies encouragement and 

support of regional commercial centers as a focus for the City. The following principle and 

policies highlight this point: 

 Principle LU-3.1: Foster Strong Region-Serving Commercial Centers. 

 Policy LU-3.1.2: Maintain and enhance existing region-serving centers so that they are 

competitive and offer a wide spectrum of retail products. 

 Policy LU-3.1.3: Encourage existing region-serving centers to expand or adapt to 

market changes through reuse, rehabilitation, and infill development.  

The 2015 Project is the expansion of an established use within an established commercial 

center that has serviced the region for over a decade. The 2015 Project is consistent with 

these land use policies because it is an improvement that responds to membership 

demands and keeps the regional Costco competitive. The project is scaled to effectively 

and efficiently service current and anticipated future demands for the site and anticipates 

providing reduced queuing wait times and reduced queuing congestion during peak 

service hours. 

With regard to the air quality section of the Safety and Noise chapter of the General Plan, 

the City has adopted the following: 

 Goal S-1: Air quality that meets State and Federal standards. 

 Policy S-1.1.4: Require developers on a case-by-case basis to comply with the Bay Area 

Air Quality Management District regulations in effect at the time of project approval, 

including regulations relating to dust, toxic air contaminants {TAGs), odors, and other 

air pollutants or air quality issues. 

 Policy S-1.1.5: Coordinate with the Bay Area Air Quality Management District (BAAQMD) 

when addressing air quality issues related to local land use proposals.  

The 2015 Project utilizes the latest equipment and technology, along with operating 

procedures that meet or exceed federal and Bay Area Air Quality Management District 

(BAAQMD) regulations, and thus addresses this goal and associated policies. The 2015 

Project would be regulated by the existing, maximum BAAQMD-permitted gasoline 

throughput limit approved for the site, and all BAAQMD permits required for the project 

will be obtained prior to construction. BAAQMD throughput limits apply only to gasoline. 

BAAQMD does not require a permit for the diesel tank storage or dispensing, and 

therefore does not regulate or condition the throughput amount. BAAQMD requirements 

and thresholds as they apply to the 2015 Project are discussed in further detail in Section 

III.C, Air Quality. 
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Finally, the General Plan indicates support for the project in the Economic Vitality chapter 

with the following policy: 

 Policy E-2.1.2: Retain and attract business and facilitate businesses' efforts to develop 

and expand. 

The expansion will allow Costco to provide a more efficient fuel purchasing experience for 

the members already utilizing the fueling facility. Costco's continued investment in the 

site demonstrates their commitment to the community and according to the above 

economic policy should be supported by the City. 

The significant impacts identified in the 1999 EIR for the Approved Project were mitigated 

to a less-than-significant level.  Because the 2015 Project proposes to expand upon the 

existing approved use of the site, the 2014 Project would not increase the severity of any 

previously identified impacts, or create any new significant impacts. Additionally, because 

the surrounding land uses have not changed since the 1999 EIR, the 2015 Project would 

have no impacts related to land use policy that are based on changes to the circumstances 

under which the project is undertaken or based on new information. As a result, no 

impacts exist for and no additional mitigation measures related to land use are required 

for the 2015 Project. 

No new or substantially more severe significant land use and planning effects would 

occur and no additional mitigation measures are required. 

K. MINERAL RESOURCES 

The Initial Study prepared for the Approved Project concluded that there would be no 

impacts to mineral resources. As a result, the topic was not studied further in the 1999 

EIR and required no related mitigation measures were required. 

The site of the 2015 Project is part of the larger Approved Project site.  The Approved 

Project has been constructed and is currently in operation.  No other circumstances under 

which the project would be undertaken have changed. The location of the 2015 Project is 

the same as that of the Approved Project, and the site has been further disturbed by 

development (build out of the Approved Project) since the 1999 EIR. The 2015 Project 

proposes the addition of new MPDs, USTs, a canopy addition, and updated landscaping, 

the implementation of which would modify approximately one percent of the site by 

grading. Existing asphalt and concrete surfaces would be modified, and cuts and fills on 

site would range from approximately 0 to 18 feet in depth to accommodate construction 

and installation of the project components. These cuts and fills do not correspond to site 

grading but rather installation of the three USTs. The 2015 Project does not propose deep 

excavation or grading of a non-urbanized site, or any other intensive movement of 
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undisturbed land that could potentially contain mineral resources such as metals, 

industrial minerals (e.g., aggregate, sand and gravel), oil and gas, or geothermal 

resources that would be of value to the region and residents of the State. The 2015 

Project therefore would not result in any new or more severe impacts than identified in the 

1999 EIR. Furthermore, no new information related to mineral resources and applicable to 

the site has arisen since the 1999 EIR. As a result, the 2015 Project–similarly to the 

Approved Project—would have no impacts on mineral resources. 

No new or substantially more severe significant mineral resources effects would 

occur and no additional mitigation measures are required.  

L. NOISE 

The 1999 EIR analyzed the potential noise impacts attributable to the construction and 

operation of the 1999 Project. The Approved Island and Approved Lot were approved and 

constructed subsequent to the completion of the 1999 Project and were exempt from 

CEQA review. The City of Concord General Plan has been updated since 1999. With regard 

to significance thresholds identified for operational noise, the Concord 2030 General Plan 

identifies a noise level increase of 4 dBA Ldn or more to be “significant” (Policy S-2.1.3). 

The 1999 EIR utilized a slightly more conservative threshold of 3 dBA Ldn as the 

significance threshold for evaluating substantial permanent increases to noise levels. 

Neither the Concord 2030 General Plan nor the City of Concord Municipal Code 

establishes noise level limits for stationary noise sources. Therefore, the significance 

criteria used in the 1999 EIR are conservative in terms of regulating noise exposure in the 

community and continue to be appropriate for this analysis of the proposed expansion of 

the fueling facility.  

Temporary Construction Noise   

The 1999 EIR identified a potentially significant noise impact due to construction of the 

entire Approved Project, and identified the need for mitigation to reduce the potentially 

significant construction noise impacts to a less-than-significant level. Mitigation Measure 

4.7-5 of the 1999 EIR requires that the project sponsor shall prepare and implement a 

noise attenuation plan that will include the following measures: 

 Limit construction activity between the hours of 7:00 a.m. and 6:00 p.m. with no 

construction activity on Sundays or holidays without prior written approval by the 

Chief of Planning. 

 Maintain and muffle all construction equipment powered by internal combustion 

engines. 

 Identify construction equipment staging areas that are 200 feet from residential 

units. 
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Construction activities associated with the proposed project are considered to be fairly 

minor compared to the 1999 Project; therefore the implementation of Mitigation Measure 

4.7-5, as specified in the 1999 EIR, would be expected to result in a less-than-significant 

temporary construction noise impact at sensitive receptors in the project vicinity. 

Permanent Project Operational Noise   

The 1999 EIR also analyzed the potential permanent noise impacts attributable to the 

operation of the Approved Project. Noise sources expected as a result of the proposed 

expansion of the fueling facility would be similar to those analyzed as part of the 1999 

Project. The analysis completed as part of the 1999 EIR determined that, with the 

exception of parking lot maintenance equipment and mechanical equipment on the 

nearest buildings of the residual property, all other stationary noise sources, including the 

gas station component of the 1999 Project, would generate noise levels that would 

conform to the City of Concord noise level limits. Operational noise levels would not 

significantly increase existing ambient noise levels at noise-sensitive land uses as the 

distances to the nearest noise-sensitive residential receptors are sufficient to reduce noise 

levels produced by these sources to levels that would not be substantially increased over 

existing conditions. Noise produced by these stationary noise sources may at times be 

audible, but the majority of activity will be below ambient noise levels resulting from 

traffic along roadways serving the site. The 1999 EIR also determined that project-

generated traffic would not significantly affect adjacent residential, commercial, and 

industrial land uses.  

The proposed expansion of the fueling facility includes one (1) additional MPD on the 

entry side of all four (4) existing fuel islands, yielding eight (8) additional fueling 

positions. Operational noise levels attributable to use of these new fueling positions 

would be expected to be similar to existing operations, and consistent with the 1999 EIR. 

Noise produced by use of these new fueling positions may at times be audible, but the 

majority of activity will be below ambient noise levels attributable to Monument Boulevard 

traffic to the nearest receptors within the Vista Del Monte RV Park, located approximately 

250 feet from the project on the north side of Monument Boulevard. Permanent noise 

increases resulting from the Approved Project and 2015 Project would continue to be less 

than 3 dBA Ldn, which is below the 1999 EIR significance criteria and the standards 

contained in the Concord 2030 General Plan. Operational noise levels would also conform 
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to the City of Concord noise level limits established in the 1999 EIR and Concord 2030 

General Plan. 

A review of the Concord Costco Gasoline Fuel Station Expansion Vehicle Trip Generation 

and Queuing Summary
30

 indicates that total weekday and weekend daily vehicle trips 

would increase by approximately 9 percent with the proposed fueling expansion project. 

An increase in traffic trips of approximately 26 percent would be required for the project 

to result in a noise level increase of 1 dBA. A 100 percent increase in traffic trips would be 

required for the project to result in a noise level increase of 3 dBA. Therefore, project-

generated traffic noise will continue to be less than 3 dBA Ldn, which is below the 1999 

EIR significance criteria and the standards contained in the Concord 2030 General Plan. 

Further, the additional project trips are only a small fraction of the daily trips that 

currently occur along Monument Boulevard. As a result, project-generated traffic would 

not substantially increase ambient noise levels at nearby noise-sensitive receptors, and 

the 2015 Project would not create any new or more severe impacts. 

M. POPULATION AND HOUSING 

The Initial Study prepared for the Approved Project concluded that there would be no 

impacts to population and housing. As a result, the topic was not studied further in the 

1999 EIR and no related mitigation measures were required. The circumstances under 

which the 2015 Project is being undertaken related to population and housing have not 

changed from the circumstances under which the Approved Project was undertaken and 

evaluated in the 1999 EIR. The 2015 Project would expand the existing gas station and 

would not include any type of residential component, nor affect any existing residential 

development such that it would displace substantial numbers of existing housing or 

persons. Additionally, because the 2015 Project is an expansion of an existing business 

(the addition of 8 fuel product dispensers and 2 USTs to an existing gas station), its effect 

on inducing growth would be similar to the Approved Project (which had no impact). 

Employee staffing levels (one attendant per shift) would remain unchanged. As a result, 

the 2015 Project would not create any new or more severe impacts. 

No new or substantially more severe significant population and housing effects 

would occur and no additional mitigation measures are required.  

                                                

 

30

 Kittelson & Associates, Inc., 2015. Memo to Urban Planning Partners: Concord Costco Gasoline Fuel 

Station Expansion Vehicle Trip Generation and Queuing Summary. January 20. 
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N. PUBLIC SERVICES 

The Initial Study prepared for the Approved Project determined that no impacts to public 

services would result from the Approved Project. As a result, the topic was not studied 

further in the 1999 EIR and no related mitigation measures were required. 

The 2015 Project is an expansion of the existing gas station component of the Approved 

Project that was built shortly after its approval in 1999. The 2015 Project would add 4 

additional MPDs which would supply a total of 8 new fueling positions for the gas station. 

The 2015 Project is not anticipated to generate a significant number of new trips to the 

fueling facility. Instead, the expansion is expected to provide a more efficient fuel 

purchasing experience for the members who are already utilizing the fueling facility by 

reducing wait times, vehicle queuing, and vehicle idling. The existing hours of operation 

(5:00 a.m. to 10:00 p.m.) and employee staffing levels (one attendant per shift) would 

remain unchanged. 

Similar to the Approved Project, the site plan and UST plan for the 2015 Project would be 

reviewed by the Contra Costa County Fire Protection District to ensure that the 

appropriate requirements are met, including that the appropriate number of fire hydrants 

and amount of fire suppression equipment (sprinklers) would be provided throughout the 

facility and that the gas pumps would be equipped with emergency shutoff valves, 

amongst other requirements. Security protection measures currently in place for the 

Approved Project are sufficient for the 2015 Project, as the 2015 Project would not be 

expanding the overall area of the existing gas station. Moreover, the 2015 Project would 

not add new employees or residents, no impact to school services or parks would result 

from the 2015 Project. The maintenance of existing streets in the vicinity of the project 

would not be expected to increase from the 2015 Project, as the expansion is not 

expected to generate a significant number of new vehicle trips to the gas station.  

The 2015 Project site is encompassed by the Approved Project site, no changes to the 

circumstances under which the project would be undertaken have occurred, and no new 

information exists that is applicable to the provision of public services at the 2015 Project 

site. Given these facts, and those discussed above, the 2015 Project would have no impact 

on the provision of public services.  

No new or substantially more severe significant public services effects would occur 

and no additional mitigation measures are required.  

O. RECREATION 

The Initial Study prepared for the Approved Project concluded that there would be no 

impacts to recreation or parks associated with implementation of the Approved Project. As 
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a result, the topic was not studied further in the 1999 EIR and no related mitigation 

measures were required. 

The 2015 Project is an expansion of the existing Costco gas station on the Approved 

Project site that would add 4 additional MPDs, which would supply a total of 8 new fueling 

positions for the gas station, as well as two new USTs, a canopy addition, and new 

landscaping features. The 2015 Project is not anticipated to generate a significant number 

of new trips to the fueling facility. Instead, the expansion is expected to provide a more 

efficient fuel purchasing experience for the members who are already utilizing the fueling 

facility by reducing wait times, vehicle queuing, and vehicle idling. The existing hours of 

operation (5:00 a.m. to 10:00 p.m.) and employee staffing levels (one attendant per shift) 

would remain unchanged. 

The 2015 Project would not require any new employees or residents. As a result, the 2015 

Project would have no impact on existing neighborhood and regional parks or other 

recreational facilities. Additionally, the 2015 Project site is encompassed by the Approved 

Project site, no changes to the circumstances under which the project would be 

undertaken have occurred, and no new applicable information exists. Given these facts, 

the 2015 Project would have no impact on parks or recreational facilities.  

No new or substantially more severe significant recreation effects would occur and 

no additional mitigation measures are required.  

P. TRANSPORTATION/TRAFFIC 

The transportation impact analysis prepared for the 2015 Project and included as 

Appendix C examines the current transportation network and addresses the 

environmental effects on future circulation system that would result from the 

implementation of the 2015 Project. 

Intersection Level of Service  

Seven study intersections (including site driveways) were selected and agreed upon by the 

City of Concord for inclusion in the traffic operations analysis. The results of the existing 

conditions show all study intersections operate at acceptable levels of service during the 

weekday PM (5:00 p.m. to 6:00 p.m.) and weekend midday (1:05 p.m. to 2:05 p.m.) peak 

hours.  

The 2015 Project would include eight new fueling positions, increasing capacity 50 

percent from 16 fueling positions to 24 fueling positions, estimated to generate 220 daily 

net new trips during the weekday and 255 daily net new trips during the weekend. Of the 

220 net new daily trips during the weekday, it is estimated that 20 net new trips (10 
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inbound, 10 outbound) are projected to occur during the weekday PM peak hour. Of the 

255 net new daily trips during the weekend, it is estimated that 25 net trips (15 inbound, 

10 outbound) are projected to occur during the weekend midday peak hour. 

The existing plus project conditions include project-generated trips from the proposed 

Concord Costco gasoline fuel station expansion. Traffic operation results indicate that all 

study intersections are forecast to operate with acceptable levels of service during the 

weekday PM and weekend midday peak hours. 

Cumulative traffic conditions at the study intersections were based on a 0.9-percent 

annual growth rate applied to the existing traffic volumes in Year 2040. There were two 

intersections operating below the City of Concord’s level of service standards in the 

cumulative conditions. 

 Intersection 2 – Monument Boulevard/Costco Driveway  

o Operates at LOS “E” with an average delay of 47.2 seconds per vehicle and a 

vehicle-to-capacity ratio of 0.83 during the weekend midday peak hour. 

 Intersection 3 – Monument Boulevard/Detroit Avenue 

o Operates at LOS “E” with an average delay of 62.0 seconds per vehicle and a 

vehicle-to-capacity ratio of 0.87 during the weekday PM peak hour. 

o Operates at LOS “F” with an average delay of 81.4 seconds per vehicle and a 

vehicle-to-capacity ratio of 0.97 during the weekend midday peak hour. 

Cumulative plus project conditions include project-generated traffic from the proposed 

Concord Costco gasoline fuel station expansion. Project-generated traffic from the 2015 

Project would be considered a significant impact at an intersection operating below City 

standard’s if average delay increases by three seconds or more. Likewise if any of the 

intersections operating at acceptable level of service drop below LOS “D”, the Project 

would be considered a significant impact at that location. The transportation impact 

analysis for this project shows that study intersections are forecast to operate LOS D or 

better and project trips do not increase delay by more than three seconds at intersections 

operating below the City’s level of service standards. Therefore,  project-generated trips 

due to the 2015 Project would not significantly impact any of the study intersections in 

either the weekday PM or weekend midday peak hours. 

Intersection Queuing  

In addition to the traffic operations analysis, the City of Concord requested an intersection 

queuing analysis at each of the study intersections. The analysis looked at the impact of 
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the project-generated trips on 95
th

 percentile queue lengths, which represent queue 

lengths not expected to be exceeded during 95 percent of the peak hour. Using 

Trafficware’s Synchro 8 program, the queue analysis analyzed 95
th

 percentile queues at 

each of the study intersections, including site driveways during existing and existing plus 

project, as well as cumulative and cumulative plus project scenarios. Results from Synchro 

8 for the weekday PM and weekend midday peak hours were verified by field observations 

when vehicle turning movement counts were collected in November 2014. 

There are two intersections that have vehicular movements exceeding their storage length 

during the existing weekday PM and weekend midday peak hours. The signalized 

intersection of Monument Boulevard/Detroit Avenue has 95
th

 percentile queues exceeding 

queue storage for the eastbound left and northbound left movements. The signalized 

intersection of Monument Boulevard/Cowell Road has 95
th

 percentile queues exceeding 

storage lengths in the eastbound right, northbound left, and southbound left movements 

during the weekday PM peak hour and the northbound left and southbound left 

movements during the weekend midday peak hour.  

The existing plus project scenario (which includes project-generated trips) does not 

impact or increase any of the queues at the study intersections. A detailed summary of the 

queuing analysis is presented in Tables 10 and 11 of Appendix C, which show queues 

lengths at study intersections stay the same with project-generated trips. This includes 

queues already exceeding storage length at the Monument Boulevard/Detroit Avenue and 

Monument Boulevard/Cowell Road intersections. 

Similar to the existing scenarios, the intersection of Monument Boulevard/Detroit Avenue 

and Monument Boulevard/Cowell Road reported 95
th

 percentile queues exceeding storage 

length in the cumulative scenario during the weekday PM peak hour. In addition, the 

signalized intersections of Monument Boulevard/Oak Grove Road experienced movements 

with 95
th

 percentile queue lengths exceeding the available storage capacity in cumulative 

scenario during the weekend midday peak hour. Queue lengths did not increase or were 

not significantly impacted because of the project-generated trips in the cumulative plus 

project scenario. Tables 12 and 13 of Appendix C show queue lengths stay the same 

between both cumulative and cumulative plus project scenarios. 

Parking 

The analysis evaluated the current and projected future parking conditions at the Costco 

site as they related to the 2015 Project. Existing parking conditions at the Concord Costco 

site (including relevant adjacent parcels) were inventoried and observed during the 

weekday PM and weekend midday peak demand periods to identify the existing parking 

supply and demand. This evaluation included a review of existing parking inventories, 

peak hour occupancy, parking conditions, and the physical layout of existing parking 
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facilities. The focus of the parking analysis was to inventory parking on the site, including 

the number of parking spaces available and to obtain peak period parking occupancy 

counts to determine the current utilization of parking supply. 

The existing parking inventory and demand within the study area was designated by 

parking zones as illustrated in Figure 16 in Appendix C. There are a total of 944 existing 

parking spaces. The certified 1999 EIR identified 838 on-site parking spaces as required. 

Since the previously approved EIR, fuel station and warehouse expansions have reduced 

the number of on-site parking spaces provided to 782. However, while the on-site parking 

spaces have been reduced, the total Costco parking supply has increased as a result of 

the Approved Lot in Zone 1.  Zone 1 is an employee/overflow parking area consisting of 

162 spaces and is located east of the warehouse, across the street on Detroit Avenue. 

This parking lot is leased to Costco and is designated for employee/overflow parking. 

From the parking data collected, it was determined that the peak half-hour of parking 

demand during occurred during the weekend midday peak period from 1:00 to 1:30 p.m. 

when 94 percent of total parking spaces on site were occupied. The peak half-hour for 

parking demand coincides with the midday peak hour, occurring from 1:05 p.m. to 2:05 

p.m. During the three hour weekend midday peak period, the site was 89 percent 

occupied. 

The site plan for the 2015 Project displays a net decrease of five parking spaces. These 

five parking spaces would be removed from Zone 4 and replaced with a water quality 

feature. Zone 4 had a utilization rate of 95 percent during the weekend peak half hour. 

The 2015 Project would lower Zone 4 parking supply from 80 to 75 spaces.  

While some parking spaces would be removed in Zone 4, it is a minimal five spaces and 

the parking currently using those stalls can be accommodated by parking available in 

underutilized parking zones closer to the Costco entrance or in other areas of the site. 

Given that parking demand under existing conditions is constrained during the weekend 

midday peak period and only a minimal amount of spaces would be reduced (5 spaces out 

of a total of 944, including off-site employee parking), it can be concluded that there 

would still be sufficient parking on site to accommodate the proposed fuel station 

expansion. It is not anticipated that the 2015 Project would significantly increase or 

noticeably change parking demand on the site. However, even if parking demand does 

increase, there is still 6 percent reserve capacity during the weekend peak half-hour (or 

approximately 57 spaces) to accommodate a fluctuation in parking demand. 

Site Access 

The Concord Costco site has three site access points. One full access exists on Detroit 

Avenue and two stop-controlled accesses, one with access to eastbound Monument 

Boulevard and to the south of the site with access to the Southern Access Road and 
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Detroit Avenue. The fuel station can be accessed by any of the site driveways; however, 

the full movement access on Detroit Avenue is closest to the gasoline station entrance.  

Gasoline fuel tanker trucks would access the gasoline station through the full access 

intersection on Detroit Avenue. Gasoline trucks truck turning movements are 

accommodated throughout the fuel station area and surrounding parking zones. After 

refilling the Costco Gasoline tanks, trucks would exit the site at the full access at Detroit 

Avenue. It is also important to note that the fuel truck delivery can occur without 

disruption to the on-going operations of the fuel station. The fuel station can remain 

operational during fuel delivery and the fuel delivery area has been designed to occur at 

the far north end of the fuel station area out of the way of the fuel dispensers  and 

queuing area behind the dispensers. 

On-site Queuing and Circulation 

Queuing and operations at the existing Concord Costco Gasoline fuel station were 

evaluated to establish a baseline for comparison with the implementation of the proposed 

24-station fueling position station upon expansion. Maximum, minimum, average, and 

95
th

 percentile queues were identified for the peak hours observed. 

Queue length totals include vehicles at the fueling positions which accommodate 16 

vehicles under existing conditions. Queues at the fuel station were longer during the 

weekend midday peak period than during the weekday PM peak period. The average 

queue during the weekend midday peak hour was 8 vehicles longer than during the 

weekday PM peak hour. The maximum queue observed during any time period was 57 

vehicles which occurred during the weekend midday peak hour. 

Costco does not maintain or identify specific targets for the maximum length of queue 

they wish to maintain for members at their fuel stations. However, they do seek to 

maintain operations at a level where members’ inconvenience and complaints are 

minimized and where queuing from the fuel station does not interfere with circulation and 

operations in the parking field or in other areas of the site. 

The 2015 Project would increase capacity by 50 percent with the addition of the proposed 

eight fuel station pumps, raising its total from 16 fuel station pumps to 24. Existing 95
th

 

percentile queues during the weekend midday peak hour currently exceed queue storage 

for the gasoline fueling station. With the implementation of the proposed fuel station 

expansion, 95
th

 percentile queues are estimated to decrease by approximately 35 percent 

and 13 percent during the weekday PM and weekend midday peak hours, respectively. 

The 95
th

 percentile queue lengths are estimated to reduce from 51 to 33 vehicles during 

the weekday PM peak hour and from 53 to 46 vehicles during the weekend midday peak 
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hour. The addition of the eight fueling stations is estimated to reduce vehicle queues to 

within the designated queuing area during the weekend midday peak hour. 

Overall, the results of the traffic impact analysis indicate that the 2015 Project could be 

constructed while maintaining acceptable levels of service and safety on the surrounding 

transportation system and within the Costco site. Given these findings, the 2015 Project 

would have no impact on parks or recreational facilities.  

No new or substantially more severe significant recreation effects would occur and 

no additional mitigation measures are required. 

Q. UTILITIES AND SERVICES SYSTEMS 

The Initial Study prepared for the Approved Project identified no significant impacts 

related to utilities. The Initial Study for the Approved Project did identify impacts to 

stormwater drainage or stormwater quality control as potentially significant without 

mitigation incorporated. The 1999 EIR explored this issue in its Drainage section, and the 

City’s Statement of Findings concluded that all identified impacts had been eliminated or 

reduced to a less-than-significant level through project revisions and/or mitigation 

measures. Similarly, because the 2015 Project is an expansion of an existing gas station 

facility that had no impacts on utilities, and would be required to comply with all City, 

regional, State, and federal regulations related to stormwater runoff management and 

quality, the 2015 Project would similarly result in no impacts on utilities. Analyses for 

both the Approved Project (from the 1999 EIR) and 2015 Project related to stormwater 

drainage or stormwater quality control are discussed in Section III.I, Hydrology and Water 

Quality of this Addendum.  

The significant impacts identified in the 1999 EIR for the Approved Project were 

eliminated or mitigated to a less-than-significant level.  The 2015 Project does not 

propose and changes to existing utilities services.  Additionally, the site location, use, and 

utilities provisions have not changed since the 1999 EIR, the 2015 Project would have no 

impacts related to utilities that are based on changes to the circumstances under which 

the project is undertaken or based on new information.  As such, the 2015 Project would 

not increase the severity of any previously identified impacts, nor would it create any new 

significant impacts2015 Project, and no additional mitigation measures related to utilities 

are required for the 2015 Project. 

No new or substantially more severe significant utilities and services systems effects 

would occur and no additional mitigation measures are required.  



MAY 2015                                                 ADDENDUM TO COSTCO WHOLESALE PROJECT EIR 

                ANALYSIS OF POTENTIAL ENVIRONMENTAL EFFECTS  

 

 

47 

 

R. MANDATORY FINDINGS OF SIGNIFICANCE 

Chapter 5 of the 1999 EIR addressed mandatory findings of significance associated with 

the Approved Project. The 1999 EIR identified mitigation measures to reduce all 

potentially cumulative impacts related to drainage, traffic/circulation, biological 

resources, noise, and visual resources to a less-than-significant level, and resulted in no 

growth-inducing impacts. The 1999 EIR, however, identified one significant and 

unavoidable adverse impact to air quality: the Approved Project would contribute to an 

increase in regional emissions that could not be mitigated to an acceptable level. In 

response, the City certified the 1999 EIR on December 14, 1999, and adopted a Statement 

of Overriding Considerations. That Statement of Overriding Considerations remains valid 

and in effect. However, it is noted that emissions standards become more stringent since 

the 1999 EIR; so it is arguable that emissions have dropped over the years due to 

regulatory efforts, cleaner gas, car manufacture, etc. 

The 2015 Project would expand the existing gas station component approved and 

constructed as part of the Approved Project, adding additional features within the 

footprint of the existing gas station. As a result, the 2015 Project would be subject to 

similar urbanized, environmental conditions as identified and analyzed in the 1999 EIR. 

No new resources would be impacted and no increase in effects would occur. No new or 

substantially more severe significant effects would occur and no new or different 

mitigation measures are required. 
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IV.  CONCLUSION 

On the basis of the evaluation presented in this Addendum, the changes associated with 

the 2015 Project would not trigger any of the conditions listed in Section I.D of this 

Addendum, requiring preparation of a subsequent or supplemental EIR or MND. Thus, this 

Addendum satisfies the requirements of CEQA Guidelines sections 15162 and 15164. The 

2015 Project would not introduce new significant environmental effects, substantially 

increase the severity of previously identified significant environmental effects, or show 

that mitigation measures previously found not to be feasible would in fact be feasible. 

Overall, the 2015 Project would result in less severe effects than those of the Approved 

Project due to the marginal expanse and intensity of construction and operation 

requirements compared to the Approved Project. The 2015 Project would therefore 

generate marginal to comparable effects. The 2015 Project would not result in new 

significant effects or effects that would be substantially more severe than those identified 

in the 1999 EIR. The mitigation measures included in the 1999 EIR that remain applicable 

are listed with page numbers in this Addendum for easy reference. 

The analyses and conclusions in the 1999 EIR remain current and valid. The 2015 Project 

would not cause new or substantially more severe significant effects than identified in the 

1999 EIR, and thus no new mitigation measures would be required. All mitigation 

measures will remain in place and continue to be enforced, and the Statement of 

Overriding Considerations remain in effect. No change has occurred with respect to 

circumstances surrounding the 2015 Project that would cause new or substantially more 

severe significant environmental effects than identified in the 1999 EIR or caused by the 

Approved Project, and no new information has become available that shows that the 2015 

Project would cause significant environmental effects not already analyzed in the 1999 

EIR. Therefore, no further environmental review is required beyond this Addendum. 

None of the elements set forth in Public Resources Code Section 21166 or CEQA 

Guidelines Section 15162 exists, and in accordance with Public Resources Code Section 

21166 and CEQA Guidelines Section 15162, no subsequent or supplemental EIR or MND is 

required. Thus, this Addendum satisfies the requirements of CEQA, including CEQA 

Guidelines sections 15162 and 15164. 
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APPENDIX A 

CalEEMod Modeling Output 



 



0.0000 2.9000e-
004

2.9000e-
004

0.0000 0.0000 3.0000e-
004

0.0000 0.0000 0.0000 0.0000Area 0.0100 0.0000 1.5000e-
004

0.0000

Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- 
CO2

2.2 Overall Operational
Unmitigated Operational

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

tblVehicleTrips WD_TR 162.78 251.00

2.0 Emissions Summary

tblVehicleTrips ST_TR 162.78 221.25

tblVehicleTrips SU_TR 162.78 221.25

tblVehicleTrips PB_TP 59.00 33.00

tblVehicleTrips PR_TP 14.00 67.00

tblProjectCharacteristics OperationalYear 2014 2016

tblVehicleTrips DV_TP 27.00 0.00

tblLandUse LotAcreage 0.05 1.00

tblOffRoadEquipment OffRoadEquipmentUnitAmount 1.00 0.00

tblArchitecturalCoating EF_Residential_Interior 100.00 250.00

tblConstructionPhase NumDays 5.00 1.00

tblArchitecturalCoating EF_Nonresidential_Interior 100.00 250.00

tblArchitecturalCoating EF_Residential_Exterior 150.00 250.00

Table Name Column Name Default Value New Value

tblArchitecturalCoating EF_Nonresidential_Exterior 150.00 250.00

1.3 User Entered Comments & Non-Default Data

Project Characteristics - 

Land Use - Approximate acreage

Construction Phase - No Construction

Off-road Equipment - No Construction predicted

Vehicle Trips - Based on 4020 weekday and 3540 weekend trips (External)/16 pumps and 33% Passby

CO2 Intensity 
(lb/MWhr)

641.35 CH4 Intensity 
(lb/MWhr)

0.029 N2O Intensity 
(lb/MWhr)

0.006
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Climate Zone 4 Operational Year 2016

Utility Company Pacific Gas & Electric Company

1.2 Other Project Characteristics

Urbanization Urban Wind Speed (m/s) 2.2 Precipitation Freq (Days)

Population

Gasoline/Service Station 16.00 Pump 1.00 2,258.80 0

1.1 Land Usage

Land Uses Size Metric Lot Acreage Floor Surface Area

CalEEMod Version: CalEEMod.2013.2.2 Page 1 of 1 Date: 1/22/2015 10:48 AM

Costco Fueling Station - Existing 16 Pumps
Contra Costa County, Annual

1.0 Project Characteristics



H-S or C-C H-O or C-NW Primary Diverted Pass-by

4.3 Trip Type Information

Miles Trip % Trip Purpose %

Land Use H-W or C-W H-S or C-C H-O or C-NW H-W or C-
W

Total 4,016.00 3,540.00 3,540.00 6,995,899 6,995,899

Annual VMT

Gasoline/Service Station 4,016.00 3,540.00 3540.00 6,995,899 6,995,899

4.2 Trip Summary Information

Average Daily Trip Rate Unmitigated Mitigated
Land Use Weekday Saturday Sunday Annual VMT

0.0000 2,948.188
3

2,948.1883 0.1384 0.0000 2,951.094
3

2.6035 0.0527 2.6562 0.6973 0.0484 0.7456Unmitigated 2.3631 4.4765 22.0777 0.0372

0.0000 2,948.188
3

2,948.1883 0.1384 0.0000 2,951.094
3

2.6035 0.0527 2.6562 0.6973 0.0484 0.7456Mitigated 2.3631 4.4765 22.0777 0.0372

NBio- 
CO2

Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

4.0 Operational Detail - Mobile

4.1 Mitigation Measures Mobile

ROG NOx CO SO2 Fugitive 
PM10

0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

NBio-CO2 Total CO2 CH4 N20 CO2e

Percent 
Reduction

0.00 0.00 0.00 0.00

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2ROG NOx CO SO2 Fugitive 
PM10

1.8172 2,957.893
4

2,959.7106 0.2491 2.9000e-
004

2,965.028
9

2.6035 0.0529 2.6564 0.6973 0.0486 0.7459Total 2.3734 4.4796 22.0804 0.0372

0.0674 0.4671 0.5346 6.9400e-
003

1.7000e-
004

0.73240.0000 0.0000 0.0000 0.0000Water

1.7498 0.0000 1.7498 0.1034 0.0000 3.92140.0000 0.0000 0.0000 0.0000Waste

0.0000 2,948.188
3

2,948.1883 0.1384 0.0000 2,951.094
3

2.6035 0.0527 2.6562 0.6973 0.0484 0.7456Mobile 2.3631 4.4765 22.0777 0.0372

0.0000 9.2377 9.2377 3.3000e-
004

1.2000e-
004

9.28062.3000e-
004

2.3000e-
004

2.3000e-
004

2.3000e-
004

Energy 3.3000e-
004

3.0300e-
003

2.5500e-
003

2.0000e-
005

0.0000 2.9000e-
004

2.9000e-
004

0.0000 0.0000 3.0000e-
004

0.0000 0.0000 0.0000 0.0000Area 0.0100 0.0000 1.5000e-
004

0.0000

Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- 
CO2

Mitigated Operational

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

1.8172 2,957.893
4

2,959.7106 0.2491 2.9000e-
004

2,965.029
0

2.6035 0.0529 2.6564 0.6973 0.0486 0.7459Total 2.3734 4.4796 22.0804 0.0372

0.0674 0.4671 0.5346 6.9500e-
003

1.7000e-
004

0.73250.0000 0.0000 0.0000 0.0000Water

1.7498 0.0000 1.7498 0.1034 0.0000 3.92140.0000 0.0000 0.0000 0.0000Waste

0.0000 2,948.188
3

2,948.1883 0.1384 0.0000 2,951.094
3

2.6035 0.0527 2.6562 0.6973 0.0484 0.7456Mobile 2.3631 4.4765 22.0777 0.0372

0.0000 9.2377 9.2377 3.3000e-
004

1.2000e-
004

9.28062.3000e-
004

2.3000e-
004

2.3000e-
004

2.3000e-
004

Energy 3.3000e-
004

3.0300e-
003

2.5500e-
003

2.0000e-
005



Unmitigated

3.3040 3.3040 6.0000e-
005

6.0000e-
005

3.3241

5.3 Energy by Land Use - Electricity

2.3000e-
004

2.3000e-
004

2.3000e-
004

2.3000e-
004

0.0000

6.0000e-
005

3.3241

Total 3.3000e-
004

3.0300e-
003

2.5500e-
003

2.0000e-
005

2.3000e-
004

2.3000e-
004

0.0000 3.3040 3.3040 6.0000e-
005

2.5500e-
003

2.0000e-
005

2.3000e-
004

2.3000e-
004

CO2e

Land Use kBTU/yr tons/yr MT/yr

Gasoline/Service 
Station

61913.7 3.3000e-
004

3.0300e-
003

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4 N2OSO2 Fugitive 
PM10

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

NaturalGa
s Use

ROG NOx CO

3.3040 6.0000e-
005

6.0000e-
005

3.3241

Mitigated

2.3000e-
004

2.3000e-
004

2.3000e-
004

0.0000 3.3040

3.3241

Total 3.3000e-
004

3.0300e-
003

2.5500e-
003

2.0000e-
005

2.3000e-
004

2.3000e-
004

0.0000 3.3040 3.3040 6.0000e-
005

6.0000e-
005

2.0000e-
005

2.3000e-
004

2.3000e-
004

2.3000e-
004

Gasoline/Service 
Station

61913.7 3.3000e-
004

3.0300e-
003

2.5500e-
003

NBio- CO2 Total CO2 CH4 N2O CO2e

Land Use kBTU/yr tons/yr MT/yr

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

5.2 Energy by Land Use - NaturalGas
Unmitigated

NaturalGa
s Use

ROG NOx CO SO2 Fugitive 
PM10

0.0000 3.3040 3.3040 6.0000e-
005

6.0000e-
005

3.32412.3000e-
004

2.3000e-
004

2.3000e-
004

2.3000e-
004

NaturalGas 
Unmitigated

3.3000e-
004

3.0300e-
003

2.5500e-
003

2.0000e-
005

0.0000 3.3040 3.3040 6.0000e-
005

6.0000e-
005

3.32412.3000e-
004

2.3000e-
004

2.3000e-
004

2.3000e-
004

NaturalGas 
Mitigated

3.3000e-
004

3.0300e-
003

2.5500e-
003

2.0000e-
005

0.0000 5.9337 5.9337 2.7000e-
004

6.0000e-
005

5.95660.0000 0.0000 0.0000 0.0000Electricity 
Unmitigated

0.0000 5.9337 5.9337 2.7000e-
004

6.0000e-
005

5.95660.0000 0.0000 0.0000 0.0000Electricity 
Mitigated

NBio- 
CO2

Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

4.4 Fleet Mix
Historical Energy Use: N

5.1 Mitigation Measures Energy

ROG NOx CO SO2 Fugitive 
PM10

0.001221 0.001487 0.006359 0.002101 0.002052

5.0 Energy Detail

SBUS MH

0.527627 0.065080 0.176461 0.145848 0.036424 0.004888 0.009671 0.020781

LHD2 MHD HHD OBUS UBUS MCY

79.00 19.00 67 0 33

LDA LDT1 LDT2 MDV LHD1

Gasoline/Service Station 9.50 7.30 7.30 2.00



Mitigated

0.0000 2.9000e-
004

2.9000e-
004

0.0000 0.0000 3.0000e-
004

0.0000 0.0000 0.0000 0.0000Total 0.0100 0.0000 1.5000e-
004

0.0000

0.0000 2.9000e-
004

2.9000e-
004

0.0000 0.0000 3.0000e-
004

0.0000 0.0000 0.0000 0.0000Landscaping 1.0000e-
005

0.0000 1.5000e-
004

0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.00000.0000 0.0000 0.0000 0.0000Consumer 
Products

8.8200e-
003

0.0000 0.0000 0.0000 0.0000 0.0000 0.00000.0000 0.0000 0.0000 0.0000Architectural 
Coating

1.1800e-
003

Total CO2 CH4 N2O CO2e

SubCategory tons/yr MT/yr

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- 
CO2

6.2 Area by SubCategory
Unmitigated

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

0.0000 2.9000e-
004

2.9000e-
004

0.0000 0.0000 3.0000e-
004

0.0000 0.0000 0.0000 0.0000Unmitigated 0.0100 0.0000 1.5000e-
004

0.0000

0.0000 2.9000e-
004

2.9000e-
004

0.0000 0.0000 3.0000e-
004

0.0000 0.0000 0.0000 0.0000Mitigated 0.0100 0.0000 1.5000e-
004

0.0000

NBio- 
CO2

Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

6.0 Area Detail

6.1 Mitigation Measures Area

ROG NOx CO SO2 Fugitive 
PM10

5.9566

Total 5.9337 2.7000e-
004

6.0000e-
005

5.9566

Land Use kWh/yr t
o
n

MT/yr

Gasoline/Service 
Station

20397 5.9337 2.7000e-
004

6.0000e-
005

Mitigated

Electricity 
Use

Total CO2 CH4 N2O CO2e

5.9566

Total 5.9337 2.7000e-
004

6.0000e-
005

5.9566

Land Use kWh/yr t
o
n

MT/yr

Gasoline/Service 
Station

20397 5.9337 2.7000e-
004

6.0000e-
005

Electricity 
Use

Total CO2 CH4 N2O CO2e



8.0 Waste Detail

8.1 Mitigation Measures Waste

Category/Year

0.7324

Total 0.5346 6.9400e-
003

1.7000e-
004

0.7324

Land Use Mgal t
o
n

MT/yr

Gasoline/Service 
Station

0.21251 / 
0.130248

0.5346 6.9400e-
003

1.7000e-
004

Mitigated

Indoor/Out
door Use

Total CO2 CH4 N2O CO2e

0.7325

Total 0.5346 6.9500e-
003

1.7000e-
004

0.7325

Land Use Mgal t
o
n

MT/yr

Gasoline/Service 
Station

0.21251 / 
0.130248

0.5346 6.9500e-
003

1.7000e-
004

7.2 Water by Land Use
Unmitigated

Indoor/Out
door Use

Total CO2 CH4 N2O CO2e

Unmitigated 0.5346 6.9500e-
003

1.7000e-
004

0.7325

Category t
o
n

MT/yr

Mitigated 0.5346 6.9400e-
003

1.7000e-
004

0.7324

7.0 Water Detail

7.1 Mitigation Measures Water

Total CO2 CH4 N2O CO2e

0.0000 2.9000e-
004

2.9000e-
004

0.0000 0.0000 3.0000e-
004

0.0000 0.0000 0.0000 0.0000Total 0.0100 0.0000 1.5000e-
004

0.0000

0.0000 2.9000e-
004

2.9000e-
004

0.0000 0.0000 3.0000e-
004

0.0000 0.0000 0.0000 0.0000Landscaping 1.0000e-
005

0.0000 1.5000e-
004

0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.00000.0000 0.0000 0.0000 0.0000Consumer 
Products

8.8200e-
003

0.0000 0.0000 0.0000 0.0000 0.0000 0.00000.0000 0.0000 0.0000 0.0000Architectural 
Coating

1.1800e-
003

Total CO2 CH4 N2O CO2e

SubCategory tons/yr MT/yr

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- 
CO2

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10



Load Factor Fuel Type

10.0 Vegetation

9.0 Operational Offroad

Equipment Type Number Hours/Day Days/Year Horse Power

3.9214

Total 1.7498 0.1034 0.0000 3.9214

Land Use tons t
o
n

MT/yr

Gasoline/Service 
Station

8.62 1.7498 0.1034 0.0000

Mitigated

Waste 
Disposed

Total CO2 CH4 N2O CO2e

3.9214

Total 1.7498 0.1034 0.0000 3.9214

Land Use tons t
o
n

MT/yr

Gasoline/Service 
Station

8.62 1.7498 0.1034 0.0000

8.2 Waste by Land Use
Unmitigated

Waste 
Disposed

Total CO2 CH4 N2O CO2e

 Unmitigated 1.7498 0.1034 0.0000 3.9214

t
o
n

MT/yr

 Mitigated 1.7498 0.1034 0.0000 3.9214

Total CO2 CH4 N2O CO2e



0.0000 4.3000e-
004

4.3000e-
004

0.0000 0.0000 4.5000e-
004

0.0000 0.0000 0.0000 0.0000Area 0.0150 0.0000 2.3000e-
004

0.0000

Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- 
CO2

2.2 Overall Operational
Unmitigated Operational

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

tblVehicleTrips WD_TR 162.78 182.92

2.0 Emissions Summary

tblVehicleTrips ST_TR 162.78 161.25

tblVehicleTrips SU_TR 162.78 161.25

tblVehicleTrips PB_TP 59.00 33.00

tblVehicleTrips PR_TP 14.00 67.00

tblProjectCharacteristics OperationalYear 2014 2016

tblVehicleTrips DV_TP 27.00 0.00

tblLandUse LotAcreage 0.08 1.00

tblOffRoadEquipment OffRoadEquipmentUnitAmount 1.00 0.00

tblArchitecturalCoating EF_Residential_Interior 100.00 250.00

tblConstructionPhase NumDays 5.00 1.00

tblArchitecturalCoating EF_Nonresidential_Interior 100.00 250.00

tblArchitecturalCoating EF_Residential_Exterior 150.00 250.00

Table Name Column Name Default Value New Value

tblArchitecturalCoating EF_Nonresidential_Exterior 150.00 250.00

1.3 User Entered Comments & Non-Default Data

Project Characteristics - 

Land Use - Approximate acreage

Construction Phase - No Construction

Off-road Equipment - No Construction predicted

Vehicle Trips - Based on 4390 weekday and 3870 weekend trips (External)/16 pumps and 33% Passby

CO2 Intensity 
(lb/MWhr)

641.35 CH4 Intensity 
(lb/MWhr)

0.029 N2O Intensity 
(lb/MWhr)

0.006
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Climate Zone 4 Operational Year 2016

Utility Company Pacific Gas & Electric Company

1.2 Other Project Characteristics

Urbanization Urban Wind Speed (m/s) 2.2 Precipitation Freq (Days)

Population

Gasoline/Service Station 24.00 Pump 1.00 3,388.20 0

1.1 Land Usage

Land Uses Size Metric Lot Acreage Floor Surface Area

CalEEMod Version: CalEEMod.2013.2.2 Page 1 of 1 Date: 1/22/2015 10:59 AM

Costco Fueling Station - Future Project 24 Pumps
Contra Costa County, Annual

1.0 Project Characteristics



H-S or C-C H-O or C-NW Primary Diverted Pass-by

4.3 Trip Type Information

Miles Trip % Trip Purpose %

Land Use H-W or C-W H-S or C-C H-O or C-NW H-W or C-
W

Total 4,390.08 3,870.00 3,870.00 7,647,682 7,647,682

Annual VMT

Gasoline/Service Station 4,390.08 3,870.00 3870.00 7,647,682 7,647,682

4.2 Trip Summary Information

Average Daily Trip Rate Unmitigated Mitigated
Land Use Weekday Saturday Sunday Annual VMT

0.0000 3,222.860
4

3,222.8604 0.1513 0.0000 3,226.037
2

2.8460 0.0576 2.9036 0.7622 0.0529 0.8151Unmitigated 2.5833 4.8936 24.1346 0.0407

0.0000 3,222.860
4

3,222.8604 0.1513 0.0000 3,226.037
2

2.8460 0.0576 2.9036 0.7622 0.0529 0.8151Mitigated 2.5833 4.8936 24.1346 0.0407

NBio- 
CO2

Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

4.0 Operational Detail - Mobile

4.1 Mitigation Measures Mobile

ROG NOx CO SO2 Fugitive 
PM10

0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

NBio-CO2 Total CO2 CH4 N20 CO2e

Percent 
Reduction

0.00 0.00 0.00 0.00

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2ROG NOx CO SO2 Fugitive 
PM10

2.7258 3,237.418
0

3,240.1438 0.3173 4.2000e-
004

3,246.939
2

2.8460 0.0579 2.9040 0.7622 0.0532 0.8155Total 2.5988 4.8981 24.1387 0.0407

0.1011 0.7007 0.8018 0.0104 2.5000e-
004

1.09850.0000 0.0000 0.0000 0.0000Water

2.6247 0.0000 2.6247 0.1551 0.0000 5.88210.0000 0.0000 0.0000 0.0000Waste

0.0000 3,222.860
4

3,222.8604 0.1513 0.0000 3,226.037
2

2.8460 0.0576 2.9036 0.7622 0.0529 0.8151Mobile 2.5833 4.8936 24.1346 0.0407

0.0000 13.8565 13.8565 5.0000e-
004

1.7000e-
004

13.92093.5000e-
004

3.5000e-
004

3.5000e-
004

3.5000e-
004

Energy 5.0000e-
004

4.5500e-
003

3.8200e-
003

3.0000e-
005

0.0000 4.3000e-
004

4.3000e-
004

0.0000 0.0000 4.5000e-
004

0.0000 0.0000 0.0000 0.0000Area 0.0150 0.0000 2.3000e-
004

0.0000

Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- 
CO2

Mitigated Operational

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

2.7258 3,237.418
0

3,240.1438 0.3173 4.2000e-
004

3,246.939
3

2.8460 0.0579 2.9040 0.7622 0.0532 0.8155Total 2.5988 4.8981 24.1387 0.0407

0.1011 0.7007 0.8018 0.0104 2.5000e-
004

1.09870.0000 0.0000 0.0000 0.0000Water

2.6247 0.0000 2.6247 0.1551 0.0000 5.88210.0000 0.0000 0.0000 0.0000Waste

0.0000 3,222.860
4

3,222.8604 0.1513 0.0000 3,226.037
2

2.8460 0.0576 2.9036 0.7622 0.0529 0.8151Mobile 2.5833 4.8936 24.1346 0.0407

0.0000 13.8565 13.8565 5.0000e-
004

1.7000e-
004

13.92093.5000e-
004

3.5000e-
004

3.5000e-
004

3.5000e-
004

Energy 5.0000e-
004

4.5500e-
003

3.8200e-
003

3.0000e-
005



Unmitigated

4.9559 4.9559 9.0000e-
005

9.0000e-
005

4.9861

5.3 Energy by Land Use - Electricity

3.5000e-
004

3.5000e-
004

3.5000e-
004

3.5000e-
004

0.0000

9.0000e-
005

4.9861

Total 5.0000e-
004

4.5500e-
003

3.8200e-
003

3.0000e-
005

3.5000e-
004

3.5000e-
004

0.0000 4.9559 4.9559 9.0000e-
005

3.8200e-
003

3.0000e-
005

3.5000e-
004

3.5000e-
004

CO2e

Land Use kBTU/yr tons/yr MT/yr

Gasoline/Service 
Station

92870.6 5.0000e-
004

4.5500e-
003

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4 N2OSO2 Fugitive 
PM10

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

NaturalGa
s Use

ROG NOx CO

4.9559 9.0000e-
005

9.0000e-
005

4.9861

Mitigated

3.5000e-
004

3.5000e-
004

3.5000e-
004

0.0000 4.9559

4.9861

Total 5.0000e-
004

4.5500e-
003

3.8200e-
003

3.0000e-
005

3.5000e-
004

3.5000e-
004

0.0000 4.9559 4.9559 9.0000e-
005

9.0000e-
005

3.0000e-
005

3.5000e-
004

3.5000e-
004

3.5000e-
004

Gasoline/Service 
Station

92870.6 5.0000e-
004

4.5500e-
003

3.8200e-
003

NBio- CO2 Total CO2 CH4 N2O CO2e

Land Use kBTU/yr tons/yr MT/yr

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

5.2 Energy by Land Use - NaturalGas
Unmitigated

NaturalGa
s Use

ROG NOx CO SO2 Fugitive 
PM10

0.0000 4.9559 4.9559 9.0000e-
005

9.0000e-
005

4.98613.5000e-
004

3.5000e-
004

3.5000e-
004

3.5000e-
004

NaturalGas 
Unmitigated

5.0000e-
004

4.5500e-
003

3.8200e-
003

3.0000e-
005

0.0000 4.9559 4.9559 9.0000e-
005

9.0000e-
005

4.98613.5000e-
004

3.5000e-
004

3.5000e-
004

3.5000e-
004

NaturalGas 
Mitigated

5.0000e-
004

4.5500e-
003

3.8200e-
003

3.0000e-
005

0.0000 8.9006 8.9006 4.0000e-
004

8.0000e-
005

8.93480.0000 0.0000 0.0000 0.0000Electricity 
Unmitigated

0.0000 8.9006 8.9006 4.0000e-
004

8.0000e-
005

8.93480.0000 0.0000 0.0000 0.0000Electricity 
Mitigated

NBio- 
CO2

Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

4.4 Fleet Mix
Historical Energy Use: N

5.1 Mitigation Measures Energy

ROG NOx CO SO2 Fugitive 
PM10

0.001221 0.001487 0.006359 0.002101 0.002052

5.0 Energy Detail

SBUS MH

0.527627 0.065080 0.176461 0.145848 0.036424 0.004888 0.009671 0.020781

LHD2 MHD HHD OBUS UBUS MCY

79.00 19.00 67 0 33

LDA LDT1 LDT2 MDV LHD1

Gasoline/Service Station 9.50 7.30 7.30 2.00



Mitigated

0.0000 4.3000e-
004

4.3000e-
004

0.0000 0.0000 4.5000e-
004

0.0000 0.0000 0.0000 0.0000Total 0.0150 0.0000 2.3000e-
004

0.0000

0.0000 4.3000e-
004

4.3000e-
004

0.0000 0.0000 4.5000e-
004

0.0000 0.0000 0.0000 0.0000Landscaping 2.0000e-
005

0.0000 2.3000e-
004

0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.00000.0000 0.0000 0.0000 0.0000Consumer 
Products

0.0132

0.0000 0.0000 0.0000 0.0000 0.0000 0.00000.0000 0.0000 0.0000 0.0000Architectural 
Coating

1.7700e-
003

Total CO2 CH4 N2O CO2e

SubCategory tons/yr MT/yr

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- 
CO2

6.2 Area by SubCategory
Unmitigated

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

0.0000 4.3000e-
004

4.3000e-
004

0.0000 0.0000 4.5000e-
004

0.0000 0.0000 0.0000 0.0000Unmitigated 0.0150 0.0000 2.3000e-
004

0.0000

0.0000 4.3000e-
004

4.3000e-
004

0.0000 0.0000 4.5000e-
004

0.0000 0.0000 0.0000 0.0000Mitigated 0.0150 0.0000 2.3000e-
004

0.0000

NBio- 
CO2

Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

Exhaust 
PM10

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

6.0 Area Detail

6.1 Mitigation Measures Area

ROG NOx CO SO2 Fugitive 
PM10

8.9348

Total 8.9006 4.0000e-
004

8.0000e-
005

8.9348

Land Use kWh/yr t
o
n

MT/yr

Gasoline/Service 
Station

30595.4 8.9006 4.0000e-
004

8.0000e-
005

Mitigated

Electricity 
Use

Total CO2 CH4 N2O CO2e

8.9348

Total 8.9006 4.0000e-
004

8.0000e-
005

8.9348

Land Use kWh/yr t
o
n

MT/yr

Gasoline/Service 
Station

30595.4 8.9006 4.0000e-
004

8.0000e-
005

Electricity 
Use

Total CO2 CH4 N2O CO2e



8.0 Waste Detail

8.1 Mitigation Measures Waste

Category/Year

1.0985

Total 0.8018 0.0104 2.5000e-
004

1.0985

Land Use Mgal t
o
n

MT/yr

Gasoline/Service 
Station

0.318765 / 
0.195372

0.8018 0.0104 2.5000e-
004

Mitigated

Indoor/Out
door Use

Total CO2 CH4 N2O CO2e

1.0987

Total 0.8018 0.0104 2.5000e-
004

1.0987

Land Use Mgal t
o
n

MT/yr

Gasoline/Service 
Station

0.318765 / 
0.195372

0.8018 0.0104 2.5000e-
004

7.2 Water by Land Use
Unmitigated

Indoor/Out
door Use

Total CO2 CH4 N2O CO2e

Unmitigated 0.8018 0.0104 2.5000e-
004

1.0987

Category t
o
n

MT/yr

Mitigated 0.8018 0.0104 2.5000e-
004

1.0985

7.0 Water Detail

7.1 Mitigation Measures Water

Total CO2 CH4 N2O CO2e

0.0000 4.3000e-
004

4.3000e-
004

0.0000 0.0000 4.5000e-
004

0.0000 0.0000 0.0000 0.0000Total 0.0150 0.0000 2.3000e-
004

0.0000

0.0000 4.3000e-
004

4.3000e-
004

0.0000 0.0000 4.5000e-
004

0.0000 0.0000 0.0000 0.0000Landscaping 2.0000e-
005

0.0000 2.3000e-
004

0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.00000.0000 0.0000 0.0000 0.0000Consumer 
Products

0.0132

0.0000 0.0000 0.0000 0.0000 0.0000 0.00000.0000 0.0000 0.0000 0.0000Architectural 
Coating

1.7700e-
003

Total CO2 CH4 N2O CO2e

SubCategory tons/yr MT/yr

PM10 
Total

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- 
CO2

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10



Load Factor Fuel Type

10.0 Vegetation

9.0 Operational Offroad

Equipment Type Number Hours/Day Days/Year Horse Power

5.8821

Total 2.6247 0.1551 0.0000 5.8821

Land Use tons t
o
n

MT/yr

Gasoline/Service 
Station

12.93 2.6247 0.1551 0.0000

Mitigated

Waste 
Disposed

Total CO2 CH4 N2O CO2e

5.8821

Total 2.6247 0.1551 0.0000 5.8821

Land Use tons t
o
n

MT/yr

Gasoline/Service 
Station

12.93 2.6247 0.1551 0.0000

8.2 Waste by Land Use
Unmitigated

Waste 
Disposed

Total CO2 CH4 N2O CO2e

 Unmitigated 2.6247 0.1551 0.0000 5.8821

t
o
n

MT/yr

 Mitigated 2.6247 0.1551 0.0000 5.8821

Total CO2 CH4 N2O CO2e



APPENDIX B 

Emissions Calculations 



 



 

 

Concord Costco Fuel Station Expansion
TAC Emissions from On- and Off-Site Vehicles

Existing Conditions - Off-Site Travel (Momument Blvd)
Emissions Factors Annual Emissions (lb/year) Average Hourly Emissions (lb/hr)* 

Average PM2.5 Total TOG TOG Operation TOG TOG
Vehicle Fuel Daily Trip Distance Exhaust PM2.5 Exhaust Run Loss Schedule DPM PM2.5 Total TOG Running DPM PM2.5 Total TOG Running

Type Type Trips (ft) (mi) (g/VMT) (g/VMT) (g/VMT) (g/VMT) (hrs/day) Exhaust Exhaust PM2.5 Exhaust Loss Exhaust Exhaust PM2.5 Exhaust Loss
LDA Gas 3,446 1,123 0.213 0.00320 0.02095 0.07818 0.05725 17 0.00 1.89 12.36 46.11 33.77 0.00E+00 3.04E-04 1.99E-03 7.43E-03 5.44E-03

Diesel 0 1,123 0.213 0.04110 0.05885 0.06986 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LDT1 Gas 396 1,123 0.213 0.00690 0.02465 0.19016 0.19243 17 0.00 0.47 1.67 12.90 13.06 0.00E+00 7.54E-05 2.70E-04 2.08E-03 2.10E-03

Diesel 0 1,123 0.213 0.08471 0.10246 0.12546 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LDT2 Gas 1,101 1,123 0.213 0.00325 0.02100 0.09928 0.09152 17 0.00 0.61 3.96 18.71 17.25 0.00E+00 9.87E-05 6.38E-04 3.02E-03 2.78E-03

Diesel 0 1,123 0.213 0.05445 0.07220 0.08407 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LHD1 Gas 215 1,123 0.213 0.00302 0.02077 0.24230 0.26859 17 0.00 0.11 0.77 8.94 9.91 0.00E+00 1.79E-05 1.23E-04 1.44E-03 1.60E-03

Diesel 0 1,123 0.213 0.05810 0.09386 0.31903 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LHD2 Gas 31 1,123 0.213 0.00269 0.02044 0.19508 0.27457 17 0.00 0.01 0.11 1.03 1.45 0.00E+00 2.28E-06 1.74E-05 1.66E-04 2.34E-04

Diesel 0 1,123 0.213 0.05404 0.09526 0.28501 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
MDV Gas 779 1,123 0.213 0.00391 0.02166 0.17881 0.11557 17 0.00 0.52 2.89 23.84 15.41 0.00E+00 8.40E-05 4.65E-04 3.84E-03 2.48E-03

Diesel 0 1,123 0.213 0.04192 0.05967 0.06384 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Total  Passenger All 5969 1,123 0.213 - - - - 17 0.0 3.6 21.7 111.5 90.8 0.00E+00 5.83E-04 3.50E-03 1.80E-02 1.46E-02
Passenger Gas 5969 0.00E+00 5.83E-04 3.50E-03 1.80E-02 1.46E-02
Passenger Diesel 0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Delivery Trucks Diesel 11 1,123 0.213 0.098271 0.132928 0.379861 0 17 0.19 0.19 0.25 0.72 0.00 2.98E-05 2.98E-05 4.033E-05 0.0001153 0.00E+00
Total All 5,980 1,123 0.213 - - - - 17 0.2 3.8 22.0 112.2 90.8 2.98E-05 6.12E-04 3.55E-03 1.81E-02 1.46E-02

* Only TOG emissions from gasoline vehicles used for TAC modeling
Existing Conditions - On-Site Travel (5 mph)

Emissions Factors Annual Emissions (lb/year) Average Hourly Emissions (lb/hr)5 

Average PM2.5 Total TOG TOG Operation TOG TOG
Vehicle Fuel Daily Trip Distance Exhaust PM2.5 Exhaust Run Loss Schedule DPM PM2.5 Total TOG Running DPM PM2.5 Total TOG Running

Type Type Trips (ft) (mi) (g/VMT) (g/VMT) (g/VMT) (g/VMT) (hrs/day) Exhaust Exhaust PM2.5 Exhaust Loss Exhaust Exhaust PM2.5 Exhaust Loss
LDA Gas 3,446 664 0.126 0.01058 0.02833 0.24278 0.05725 17 0.00 3.69 9.88 84.66 19.97 0.00E+00 5.94E-04 1.59E-03 1.36E-02 3.22E-03

Diesel 0 664 0.126 0.07349 0.09124 0.12537 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LDT1 Gas 396 664 0.126 0.02178 0.03953 0.56898 0.19243 17 0.00 0.87 1.59 22.83 7.72 0.00E+00 1.41E-04 2.56E-04 3.68E-03 1.24E-03

Diesel 0 664 0.126 0.14774 0.16549 0.21897 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LDT2 Gas 1,101 664 0.126 0.01072 0.02847 0.31297 0.09152 17 0.00 1.19 3.17 34.88 10.20 0.00E+00 1.93E-04 5.11E-04 5.62E-03 1.64E-03

Diesel 0 664 0.126 0.09474 0.11249 0.14686 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LHD1 Gas 215 664 0.126 0.00803 0.02578 0.64465 0.26859 17 0.00 0.18 0.56 14.06 5.86 0.00E+00 2.82E-05 9.06E-05 2.27E-03 9.44E-04

Diesel 0 664 0.126 0.10210 0.13786 0.56061 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LHD2 Gas 31 664 0.126 0.00715 0.02490 0.51915 0.27457 17 0.00 0.02 0.08 1.62 0.86 0.00E+00 3.60E-06 1.25E-05 2.61E-04 1.38E-04

Diesel 0 664 0.126 0.09496 0.13618 0.50084 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
MDV Gas 779 664 0.126 0.01288 0.03063 0.57179 0.11557 17 0.00 1.02 2.41 45.07 9.11 0.00E+00 1.64E-04 3.89E-04 7.26E-03 1.47E-03

Diesel 0 664 0.126 0.07447 0.09222 0.11360 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Total  Passenger All 5969 664 0.126 - - - - 17 0.0 7.0 17.7 203.1 53.7 0.00E+00 1.12E-03 2.85E-03 3.27E-02 8.66E-03
Passenger Gas 5969 0.00E+00 1.12E-03 2.85E-03 3.27E-02 8.66E-03
Passenger Diesel 0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Delivery Trucks Diesel 11 664 0.126 0.159122 0.193779 3.432655 0 17 0.18 0.18 0.22 3.82 0.00 2.85E-05 2.85E-05 3.476E-05 0.0006158 0.00E+00
Total All 5,980 664 0.126 - - - - 17 0.2 7.1 17.9 206.9 53.7 2.85E-05 1.15E-03 2.89E-03 3.34E-02 8.66E-03

* Only TOG emissions from gasoline vehicles used for TAC modeling
Existing Conditions - On-Site Idling

Emissions Factors Annual Emissions (lb/year) Average Hourly Emissions (lb/hr)5 

Daily PM2.5 Total TOG TOG Operation TOG TOG
Vehicle Fuel Idle Exhaust PM2.5 Exhaust Run Loss Schedule DPM PM2.5 Total TOG Running DPM PM2.5 Total TOG Running

Type Type Hours (g/V-hr) (g/V-hr) (g/V-hr) (g/V-hr) (hrs/day) Exhaust Exhaust PM2.5 Exhaust Loss Exhaust Exhaust PM2.5 Exhaust Loss
LDA Gas 97 0.05289 0.05289 0.04856 0.01145 17 0.00 4.13 4.13 3.79 0.89 0.00E+00 6.65E-04 6.65E-04 6.11E-04 1.44E-04

Diesel 0 0.36746 0.36746 0.02507 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LDT1 Gas 11 0.10888 0.10888 0.11380 0.03849 17 0.00 0.98 0.98 1.02 0.35 0.00E+00 1.58E-04 1.58E-04 1.65E-04 5.57E-05

Diesel 0 0.73871 0.73871 0.04379 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LDT2 Gas 31 0.05360 0.05360 0.06259 0.01830 17 0.00 1.34 1.34 1.56 0.46 0.00E+00 2.15E-04 2.15E-04 2.52E-04 7.36E-05

Diesel 0 0.47371 0.47371 0.02937 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LHD1 Gas 6 0.04014 0.04014 0.12893 0.05372 17 0.00 0.20 0.20 0.63 0.26 0.00E+00 3.16E-05 3.16E-05 1.01E-04 4.23E-05

Diesel 0 0.51051 0.51051 0.11212 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LHD2 Gas 1 0.03576 0.03576 0.10383 0.05491 17 0.00 0.02 0.02 0.07 0.04 0.00E+00 4.02E-06 4.02E-06 1.17E-05 6.18E-06

Diesel 0 0.47482 0.47482 0.10017 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
MDV Gas 22 0.06441 0.06441 0.11436 0.02311 17 0.00 1.14 1.14 2.02 0.41 0.00E+00 1.83E-04 1.83E-04 3.25E-04 6.57E-05

Diesel 0 0.37236 0.37236 0.02272 0 17 0.00 0.00 0.00 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Total  Passenger All 168 - - - - 17 0.0 7.8 7.8 9.1 2.4 0.00E+00 1.26E-03 1.26E-03 1.47E-03 3.87E-04
Passenger Gas 168 0.00E+00 1.26E-03 1.26E-03 1.47E-03 3.87E-04
Passenger Diesel 0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Delivery Trucks Diesel 0.9 0.148691 0.148691 6.812058 0 17 0.11 0.11 0.11 5.02 0.00 1.77E-05 1.77E-05 1.768E-05 8.10E-04 0.00E+00
Total All 169 - - - - 17 0.1 7.9 7.9 14.1 2.4 1.77E-05 1.27E-03 1.27E-03 2.28E-03 3.87E-04
Gas station operating hours: 5am - 10pm * Only TOG emissions from gasoline vehicles used for TAC modeling  



 
Projected Conditions - Off-Site Travel (Momument Blvd)

Emissions Factors Annual Emissions (lb/year) Average Hourly Emissions (lb/hr)5 

Average PM2.5 Total TOG TOG Operation TOG TOG
Vehicle Fuel Daily Trip Distance Exhaust PM2.5 Exhaust Run Loss Schedule DPM PM2.5 Total TOG Running DPM PM2.5 Total TOG Running

Type Type Trips (ft) (mi) (g/VMT) (g/VMT) (g/VMT) (g/VMT) (hrs/day) Exhaust Exhaust PM2.5 Exhaust Loss Exhaust Exhaust PM2.5 Exhaust Loss
LDA Gas 3,575 1,123 0.213 0.00320 0.02095 0.07818 0.05725 17 0.00 1.96 12.82 47.84 35.03 0.00E+00 3.16E-04 2.07E-03 7.71E-03 5.65E-03

Diesel 2 1,123 0.213 0.04110 0.05885 0.06986 0 17 0.01 0.01 0.02 0.02 0.00 1.86E-06 1.86E-06 2.66E-06 3.16E-06 0.00E+00
LDT1 Gas 411 1,123 0.213 0.00690 0.02465 0.19016 0.19243 17 0.00 0.49 1.74 13.39 13.55 0.00E+00 7.83E-05 2.80E-04 2.16E-03 2.18E-03

Diesel 1 1,123 0.213 0.08471 0.10246 0.12546 0 17 0.01 0.01 0.01 0.01 0.00 1.20E-06 1.20E-06 1.45E-06 1.77E-06 0.00E+00
LDT2 Gas 1,143 1,123 0.213 0.00325 0.02100 0.09928 0.09152 17 0.00 0.64 4.11 19.42 17.90 0.00E+00 1.02E-04 6.62E-04 3.13E-03 2.88E-03

Diesel 0 1,123 0.213 0.05445 0.07220 0.08407 0 17 0.00 0.00 0.00 0.00 0.00 2.73E-07 2.73E-07 3.62E-07 4.21E-07 0.00E+00
LHD1 Gas 224 1,123 0.213 0.00302 0.02077 0.24230 0.26859 17 0.00 0.12 0.79 9.27 10.28 0.00E+00 1.86E-05 1.28E-04 1.49E-03 1.66E-03

Diesel 112 1,123 0.213 0.05810 0.09386 0.31903 0 17 1.11 1.11 1.79 6.09 0.00 1.79E-04 1.79E-04 2.89E-04 9.82E-04 0.00E+00
LHD2 Gas 32 1,123 0.213 0.00269 0.02044 0.19508 0.27457 17 0.00 0.01 0.11 1.07 1.50 0.00E+00 2.37E-06 1.80E-05 1.72E-04 2.42E-04

Diesel 212 1,123 0.213 0.05404 0.09526 0.28501 0 17 1.96 1.96 3.45 10.32 0.00 3.15E-04 3.15E-04 5.56E-04 1.66E-03 0.00E+00
MDV Gas 808 1,123 0.213 0.00391 0.02166 0.17881 0.11557 17 0.00 0.54 3.00 24.73 15.98 0.00E+00 8.72E-05 4.83E-04 3.99E-03 2.58E-03

Diesel 0 1,123 0.213 0.04192 0.05967 0.06384 0 17 0.00 0.00 0.00 0.00 0.00 5.27E-07 5.27E-07 7.51E-07 8.03E-07 0.00E+00
Total  Passenger All 6519 1,123 0.213 - - - - 17 3.1 6.8 27.8 132.2 94.2 4.98E-04 1.10E-03 4.49E-03 2.13E-02 1.52E-02
Passenger Gas 6193 0.00E+00 6.05E-04 3.64E-03 1.86E-02 1.52E-02
Passenger Diesel 326 4.98E-04 4.98E-04 8.50E-04 2.65E-03 0.00E+00
Delivery Trucks Diesel 13 1,123 0.213 0.098271 0.132928 0.379861 0 17 0.22 0.22 0.30 0.85 0.00 3.52E-05 3.52E-05 4.766E-05 0.0001362 0.00E+00
Total All 6,206 1,123 0.213 - - - - 17 3.3 7.1 28.1 133.0 94.2 5.33E-04 1.14E-03 4.53E-03 2.14E-02 1.52E-02

* Only TOG emissions from gasoline vehicles used for TAC modeling
Projected Conditions - On-Site Travel (5 mph)

Emissions Factors Annual Emissions (lb/year) Average Hourly Emissions (lb/hr)5 

Average PM2.5 Total TOG TOG Operation TOG TOG
Vehicle Fuel Daily Trip Distance Exhaust PM2.5 Exhaust Run Loss Schedule DPM PM2.5 Total TOG Running DPM PM2.5 Total TOG Running

Type Type Trips (ft) (mi) (g/VMT) (g/VMT) (g/VMT) (g/VMT) (hrs/day) Exhaust Exhaust PM2.5 Exhaust Loss Exhaust Exhaust PM2.5 Exhaust Loss
LDA Gas 3,575 664 0.126 0.01058 0.02833 0.24278 0.05725 17 0.00 3.83 10.25 87.84 20.71 0.00E+00 6.17E-04 1.65E-03 1.42E-02 3.34E-03

Diesel 2 664 0.126 0.07349 0.09124 0.12537 0 17 0.01 0.01 0.02 0.02 0.00 1.96E-06 1.96E-06 2.44E-06 3.35E-06 0.00E+00
LDT1 Gas 411 664 0.126 0.02178 0.03953 0.56898 0.19243 17 0.00 0.91 1.65 23.68 8.01 0.00E+00 1.46E-04 2.65E-04 3.82E-03 1.29E-03

Diesel 1 664 0.126 0.14774 0.16549 0.21897 0 17 0.01 0.01 0.01 0.01 0.00 1.24E-06 1.24E-06 1.38E-06 1.83E-06 0.00E+00
LDT2 Gas 1,143 664 0.126 0.01072 0.02847 0.31297 0.09152 17 0.00 1.24 3.29 36.19 10.58 0.00E+00 2.00E-04 5.31E-04 5.83E-03 1.71E-03

Diesel 0 664 0.126 0.09474 0.11249 0.14686 0 17 0.00 0.00 0.00 0.00 0.00 2.81E-07 2.81E-07 3.33E-07 4.35E-07 0.00E+00
LHD1 Gas 224 664 0.126 0.00803 0.02578 0.64465 0.26859 17 0.00 0.18 0.58 14.59 6.08 0.00E+00 2.93E-05 9.40E-05 2.35E-03 9.79E-04

Diesel 112 664 0.126 0.10210 0.13786 0.56061 0 17 1.15 1.15 1.56 6.33 0.00 1.86E-04 1.86E-04 2.51E-04 1.02E-03 0.00E+00
LHD2 Gas 32 664 0.126 0.00715 0.02490 0.51915 0.27457 17 0.00 0.02 0.08 1.68 0.89 0.00E+00 3.73E-06 1.30E-05 2.71E-04 1.43E-04

Diesel 212 664 0.126 0.09496 0.13618 0.50084 0 17 2.03 2.03 2.92 10.73 0.00 3.28E-04 3.28E-04 4.70E-04 1.73E-03 0.00E+00
MDV Gas 808 664 0.126 0.01288 0.03063 0.57179 0.11557 17 0.00 1.05 2.51 46.76 9.45 0.00E+00 1.70E-04 4.04E-04 7.54E-03 1.52E-03

Diesel 0 664 0.126 0.07447 0.09222 0.11360 0 17 0.00 0.00 0.00 0.01 0.00 5.54E-07 5.54E-07 6.86E-07 8.45E-07 0.00E+00
Total  Passenger All 6519 664 0.126 - - - - 17 3.2 10.4 22.9 227.8 55.7 5.18E-04 1.68E-03 3.68E-03 3.67E-02 8.98E-03
Passenger Gas 6193 0.00E+00 1.17E-03 2.96E-03 3.40E-02 8.98E-03
Passenger Diesel 326 5.18E-04 5.18E-04 7.26E-04 2.76E-03 0.00E+00
Delivery Trucks Diesel 13 664 0.126 0.159122 0.193779 3.432655 0 17 0.21 0.21 0.25 4.52 0.00 3.37E-05 3.37E-05 4.108E-05 7.28E-04 0.00E+00
Total All 6,206 664 0.126 - - - - 17 3.4 10.7 23.1 232.4 55.7 5.51E-04 1.72E-03 3.72E-03 3.74E-02 8.98E-03

* Only TOG emissions from gasoline vehicles used for TAC modeling
Projected Conditions - On-Site Idling

Emissions Factors Annual Emissions (lb/year) Average Hourly Emissions (lb/hr)5 

Daily PM2.5 Total TOG TOG Operation TOG TOG
Vehicle Fuel Idle Exhaust PM2.5 Exhaust Run Loss Schedule DPM PM2.5 Total TOG Running DPM PM2.5 Total TOG Running

Type Type Hours (g/V-hr) (g/V-hr) (g/V-hr) (g/V-hr) (hrs/day) Exhaust Exhaust PM2.5 Exhaust Loss Exhaust Exhaust PM2.5 Exhaust Loss
LDA Gas 47 0.05289 0.05289 0.04856 0.01145 17 0.00 1.98 1.98 1.82 0.43 0.00E+00 3.20E-04 3.20E-04 2.94E-04 6.92E-05

Diesel 0 0.36746 0.36746 0.02507 0 17 0.01 0.01 0.01 0.00 0.00 1.02E-06 1.02E-06 1.02E-06 6.95E-08 0.00E+00
LDT1 Gas 5 0.10888 0.10888 0.11380 0.03849 17 0.00 0.47 0.47 0.49 0.17 0.00E+00 7.57E-05 7.57E-05 7.91E-05 2.68E-05

Diesel 0 0.73871 0.73871 0.04379 0 17 0.00 0.00 0.00 0.00 0.00 6.40E-07 6.40E-07 6.40E-07 3.80E-08 0.00E+00
LDT2 Gas 15 0.05360 0.05360 0.06259 0.01830 17 0.00 0.64 0.64 0.75 0.22 0.00E+00 1.04E-04 1.04E-04 1.21E-04 3.54E-05

Diesel 0 0.47371 0.47371 0.02937 0 17 0.00 0.00 0.00 0.00 0.00 1.46E-07 1.46E-07 1.46E-07 9.02E-09 0.00E+00
LHD1 Gas 3 0.04014 0.04014 0.12893 0.05372 17 0.00 0.09 0.09 0.30 0.13 0.00E+00 1.52E-05 1.52E-05 4.87E-05 2.03E-05

Diesel 1 0.51051 0.51051 0.11212 0 17 0.60 0.60 0.60 0.13 0.00 9.63E-05 9.63E-05 9.63E-05 2.12E-05 0.00E+00
LHD2 Gas 0 0.03576 0.03576 0.10383 0.05491 17 0.00 0.01 0.01 0.03 0.02 0.00E+00 1.93E-06 1.93E-06 5.62E-06 2.97E-06

Diesel 3 0.47482 0.47482 0.10017 0 17 1.05 1.05 1.05 0.22 0.00 1.70E-04 1.70E-04 1.70E-04 3.58E-05 0.00E+00
MDV Gas 11 0.06441 0.06441 0.11436 0.02311 17 0.00 0.55 0.55 0.97 0.20 0.00E+00 8.80E-05 8.80E-05 1.56E-04 3.16E-05

Diesel 0 0.37236 0.37236 0.02272 0 17 0.00 0.00 0.00 0.00 0.00 2.87E-07 2.87E-07 2.87E-07 1.75E-08 0.00E+00
Total  Passenger All 85 - - - - 17 1.7 5.4 5.4 4.7 1.2 2.68E-04 8.72E-04 8.72E-04 7.61E-04 1.86E-04
Passenger Gas 81 0.00E+00 6.04E-04 6.04E-04 7.04E-04 1.86E-04
Passenger Diesel 4 2.68E-04 2.68E-04 2.68E-04 5.71E-05 0.00E+00
Delivery Trucks Diesel 1.1 0.148691 0.148691 6.812058 0 17 0.13 0.13 0.13 5.94 0.00 2.09E-05 2.09E-05 2.089E-05 9.57E-04 0.00E+00
Total All 82 - - - - 17 1.8 5.5 5.5 10.7 1.2 2.89E-04 8.93E-04 8.93E-04 1.72E-03 1.86E-04
Gas station operating hours: 5am - 10pm * Only TOG emissions from gasoline vehicles used for TAC modeling  
 



 
 

Concord Costco
Vehicle Distribution

Fraction Fraction
Fraction Diesel of Diesel of

Vehicle Fraction of of All Vehicle of All
Type All Vehicles LDA-MDV Class LDA-MDV

LDA 0.5464 0.57733 0.00442 0.00502

LDT1 0.0629 0.06642 0.00138 0.00157

LDT2 0.1746 0.18450 0.00049 0.00056

LHD1 0.0342 0.03610 0.30085 0.34223

LHD2 0.0049 0.00517 0.57072 0.64922

MDV 0.1235 0.13049 0.00123 0.00140

Total 0.9465 1.0000 0.8791 1.0000  
 
 
 

Emission Factors from EMFAC2011 for SF Bay Area
Speed = Idle Speed = 5 mph Speed = 20 mph

Vehicle Fuel PM2.5 Tire & Brake Total TOG TOG PM2.5 Tire & Brake Total TOG TOG PM2.5 Tire & Brake Total TOG TOG
Type Type Exhaust Wear PM2.5 Exhaust Run Loss Exhaust Wear PM2.5 Exhaust Run Loss Exhaust Wear PM2.5 Exhaust Run Loss

(g/V-hr) (g/V-hr) (g/V-hr) (g/V-hr) (g/V-hr) (g/VMT) (g/VMT) (g/VMT) (g/VMT) (g/VMT) (g/VMT) (g/VMT) (g/VMT) (g/VMT) (g/VMT)
LDA Gas 0.0528898 0 0.0528898 0.0485558 0.0114505 0.010578 0.017749909 0.02832787 0.24277919 0.05725262 0.00320132 0.01774991 0.020951 0.078184 0.057253

Diesel 0.3674614 0 0.3674614 0.0250737 0 0.0734923 0.017749909 0.09124219 0.12536859 0 0.04110209 0.01774991 0.058852 0.069861 0
LDT1 Gas 0.1088768 0 0.1088768 0.1137957 0.0384869 0.0217754 0.017749909 0.03952528 0.56897873 0.19243449 0.00689958 0.01774991 0.024649 0.190161 0.192434

Diesel 0.7387144 0 0.7387144 0.0437942 0 0.1477429 0.017749909 0.1654928 0.21897116 0 0.08470811 0.01774991 0.102458 0.125462 0
LDT2 Gas 0.0535985 0 0.0535985 0.062595 0.0183036 0.0107197 0.01774991 0.0284696 0.31297499 0.0915178 0.0032486 0.01774991 0.020999 0.099281 0.091518

Diesel 0.4737069 0 0.4737069 0.0293728 0 0.0947414 0.017749909 0.1124913 0.1468639 0 0.05445237 0.01774991 0.072202 0.084066 0
LHD1 Gas 0.0401421 0 0.0401421 0.1289309 0.0537185 0.0080284 0.017749909 0.02577834 0.64465434 0.26859258 0.00301598 0.01774991 0.020766 0.242299 0.268593

Diesel 0.5105091 0 0.5105091 0.1121214 0 0.1021018 0.035759811 0.13786162 0.56060718 0 0.05810319 0.03575981 0.093863 0.319025 0
LHD2 Gas 0.0357572 0 0.0357572 0.1038304 0.0549146 0.0071514 0.01774991 0.02490136 0.51915213 0.27457287 0.00268653 0.01774991 0.020436 0.195077 0.274573

Diesel 0.4748196 0 0.4748196 0.1001681 0 0.0949639 0.04121978 0.1361837 0.50084071 0 0.05404122 0.04121978 0.095261 0.285014 0
MDV Gas 0.0644141 0 0.0644141 0.1143587 0.0231147 0.0128828 0.017749909 0.03063272 0.57179342 0.11557369 0.00391058 0.01774991 0.02166 0.178807 0.115574

Diesel 0.3723551 0 0.3723551 0.0227192 0 0.074471 0.017749909 0.09222094 0.11359604 0 0.04191879 0.01774991 0.059669 0.063843 0

HHDT Diesel 0.148691 0 0.148691 6.812058 0 0.1591218 0.034656807 0.19377858 3.43265525 0 0.09827113 0.03465681 0.132928 0.379861 0  
 

 
 
 
 



 

 

 
Concord Costco Fuel Station - Existing & Projected Benzene Emissions

Estimated Annual Gasoline Throughput = 21,600,000 gallons/year

TOG Emission Factors and Annual Emissions
TOG1 TOG

Emission Annual
Factor Emissions

Emission Source (lb/103 gallon) (lb/year)
Fueling2 

    Non-ORVR Vehicles 0.42 1,814.4
    ORVR Vehicles 0.021 362.9
Bulk Transfer Losses 0.15 3,240.0
Pressure Driven Losses 0.024 518.4
Fueling - Spillage 0.24 5,184.0
Gasoline Hose Losses 0.009 194.4
Total 0.532 11,314.1
TOG = total organic gas
ORVR = onboard refueling vapor recovery
1. Emission factors from CARB "Revised Emissions Factors for Gasoline Marketing Operations at California 
    Gasoline Dispensing Facilities". December 23, 2013 (CARB, 2013).  Assumes use of enhanced vapor recovery systems.
2. Fueling emissions based on CARB data for 2016 of  80% of vehicles use ORVR (CARB, 2013).

Benzene Emissions

Annual Percent1 Benzene Emissions
Gasoline Annual Benzene Operation2 Annual Average

Throughput TOG Emissions in Vapor Schedule Average Hourly
Source (gallons/year) (lb/year) (%) (hrs/day) (lb/year) (lb/hr)
 Fuel Station 21,600,000 11,314 0.3% 17 33.94 0.00547
Notes:
1.  CAPCOA Air Toxics "Hot Spots" Program, Gasoline Service Station Industrywide Risk Assessment Guidelines, November 1997.
2.  Daily operation hours assumed to be 5:00 AM to 10:00 PM, 365 days per year

Gas Station Modeling - Benzene Emissions and Volume Source Parameters
Total Average Number of Emissions Volume Source Dimensions Volume Source 

Percent of Hourly Emissions Volume per Volume  (meters) Release Height
Emission Source Total Emissions (lb/hr) Sources (lb/hr) Length Width Height (meters)
Refueling  and Tank Losses 52% 0.0029 4 0.00072 10 10 4 1
Spillage and Hose Losses 48% 0.0026 4 0.00065 10 10 4 0  
 
 
 
 
 

Concord Costco Gas Station Expansion
Health Risk Impact Summary

Increased Maximum
Cancer Chronic Acute Annual

Risk Hazard Hazard PM2.5
Scenario/Emission Source (per million) Index Index (µg/m3)
Existing Condition
  Vehicle Emissions 0.61 0.0013 0.0065 0.023
  Gas Station Emissions 0.40 0.0001 0.0013 0.000
Total 1.01 0.001 0.008 0.023

Projected Condition
  Vehicle Emissions 2.62 0.0021 0.0068 0.029
  Gas Station Emissions 0.40 0.0001 0.0013 0.000
Total 3.02 0.002 0.008 0.03  

 



 
Concord Costco Gas Station Expansion - Health Risks
Cancer Risks From Off-site and On-site Vehicle Emissions
Existing Conditions

TAC Emission Rates
Annual

Source Type/TAC Emissions (lb/yr)
Total PM2.5 47.8

DPM 0.5
TOG Exhaust 333.3

TOG Running Loss 146.9

Modeling Information
Model: ISCST3 
Source Vehicle Emissions from Off-site & On-site roads, and idling
Source Types Line-Volumes for on & off-site vehicle travel and volume for on-site idling
Distance to Residences from Road (ft) Variable.  Minimum distance = 100 ft
Receptor Height (m) 1.5 m
Meteorological Data BAAQMD - 2001-2005 Hourly Concord STP data

Line-Volume Source Parameters
Plume Release

Emission Source Height (m) Height (m)
On-site vehicles line source 2.6 1.3
Off-site vehicle line source 2.6 1.3
Volume source for idling 4.0 1.3

Cancer Risk Calculation Method
Inhalation Dose = Cair x DBR x A x HD x EF x ED x 10-6 / AT

Where: Cair = concentration in air (μg/m3)
DBR = daily breathing rate (L/kg body weight-day)
A = Inhalation absorption factor
EF = Exposure frequency (days/year)
HD = daily exposure (hours/day/24)
ED = Exposure duration (years)
AT = Averaging time period over which exposure is averaged.
10-6 = Conversion factor

Inhalation Dose Factors
Value1 

DBR A Exposure Exposure Exposure EF ED AT
Exposure Type (L/kg BW-day) (-) (hr/day) (days/week) (week/year) (days/yr) (Years) (days)

Residential - 70 year exposure 302 1 24 7 50 350 70 25,550
1  Default values recommended by OEHHA& Bay Area Air Quality Management District

Cancer Risk (per million) = Inhalation Dose x ASF x CPF x 106 

= URF x Cair x ASF
Where: CPF = Cancer potency factor (mg/kg-day)-1 

ASF = Age Sensitivity Factor
URF =Unit risk factor  (cancer risk per μg/m3)

Unit Risk Factor for DPM 
CPF ASF

Exposure Type/TAC (mg/kg-day)-1 (-)
Residential - Adult 

DPM 1.10E+00 1.7
TOG Exhaust 6.28E-03 1.7

TOG Running Loss 3.70E-04 1.7

Model Results and Maximum Cancer Risks
Maximimum Concentration Chronic Chronic Acute Acute

1-Hour Annual Ave Cancer Risk REL Hazard REL Hazard
Exposure Type/TAC (μg/m3) (μg/m3) (per million) (μg/m3) Index (μg/m3) Index

Residential 
Total PM2.5 - 0.0233 - - - -

DPM - 0.00021 0.114 5 0.0000 - -
TOG Exhaust 9.337 0.1550 0.479 284 0.0005 3282 0.0028

TOG Running Loss 2.813 0.0827 0.015 120 0.0007 762 0.0037
Total 0.61 0.0013 0.0065  



 
Concord Costco Gas Station Expansion - Health Risks
Cancer Risks From Off-site and On-site Vehicle Emissions
Projected Conditions

TAC Emission Rates
Annual

Source Type/TAC Emissions (lb/yr)
Total PM2.5 56.8

DPM 8.5
TOG Exhaust 367.2

TOG Running Loss 151.1

Modeling Information
Model: ISCST3 
Source Vehicle Emissions from Off-site & On-site roads, and idling
Source Types Line-Volumes for on & off-site vehicle travel and volume for on-site idling
Distance to Residences from Road (ft) Variable.  Minimum distance = 100 ft
Receptor Height (m) 1.5 m
Meteorological Data BAAQMD - 2001-2005 Hourly Concord STP data

Line-Volume Source Parameters
Plume Release

Emission Source Height (m) Height (m)
On-site vehicles line source 2.6 1.3
Off-site vehicle line source 2.6 1.3
Volume source for idling 4.0 1.3

Cancer Risk Calculation Method
Inhalation Dose = Cair x DBR x A x HD x EF x ED x 10-6 / AT

Where: Cair = concentration in air (μg/m3)
DBR = daily breathing rate (L/kg body weight-day)
A = Inhalation absorption factor
EF = Exposure frequency (days/year)
HD = daily exposure (hours/day/24)
ED = Exposure duration (years)
AT = Averaging time period over which exposure is averaged.
10-6 = Conversion factor

Inhalation Dose Factors
Value1 

DBR A Exposure Exposure Exposure EF ED AT
Exposure Type (L/kg BW-day) (-) (hr/day) (days/week) (week/year) (days/yr) (Years) (days)

Residential - 70 year exposure 302 1 24 7 50 350 70 25,550
1  Default values recommended by OEHHA& Bay Area Air Quality Management District

Cancer Risk (per million) = Inhalation Dose x ASF x CPF x 106 

= URF x Cair x ASF
Where: CPF = Cancer potency factor (mg/kg-day)-1 

ASF = Age Sensitivity Factor
URF =Unit risk factor  (cancer risk per μg/m3)

Unit Risk Factor for DPM 
CPF ASF

Exposure Type/TAC (mg/kg-day)-1 (-)
Residential - Adult 

DPM 1.10E+00 1.7
TOG Exhaust 6.28E-03 1.7

TOG Running Loss 3.70E-04 1.7

Model Results and Maximum Cancer Risks
Maximimum Concentration Chronic Chronic Acute Acute

1-Hour Annual Ave Cancer Risk REL Hazard REL Hazard
Exposure Type/TAC (μg/m3) (μg/m3) (per million) (μg/m3) Index (μg/m3) Index

Residential 
Total PM2.5 - 0.0290 - - - -

DPM - 0.00389 2.107 5 0.0008 - -
TOG Exhaust 9.704 0.1597 0.494 284 0.0006 3282 0.0030

TOG Running Loss 2.920 0.0858 0.016 120 0.0007 762 0.0038
Total 2.62 0.0021 0.0068  



 

 
Concord Costco Fuel Station - Existing & Projected Benzene Emissions
Benzene Cancer Risks From Gasoline Station Operation

Modeling Information
Model: ISCST3
Sources Gas Station Emissions
Source Type Volumes
Number of Sources 8
Receptor Height (m) 1.5 m
Meteorological Data Concord STP 2001-2005 hourly data
Volume Source Parameters
Volume Dimensions (L x W x H) 10 m x 10 m x 4 m
Release Height (m) 0 m for spillage and 1 m for refueling

Cancer Risk Calculation Method
Inhalation Dose = Cair x DBR x A x HD x EF x ED x 10-6 / AT

Where: Cair = concentration in air (μg/m3)
DBR = daily breathing rate (L/kg body weight-day)
A = Inhalation absorption factor
EF = Exposure frequency (days/year)
HD = daily exposure (hours/day/24)
ED = Exposure duration (years)
AT = Averaging time period over which exposure is averaged.
10-6 = Conversion factor

Inhalation Dose Factors
Value1 

DBR A Exposure Exposure Exposure EF ED AT
Exposure Type (L/kg BW-day) (-) (hr/day) (days/week) (week/year) (days/yr) (Years) (days)

Residential (70-Year) 302 1 24 7 50 350 70 25,550
1  Default values recommended by Bay Area Air Quality Management District

Cancer Risk (per million) = Inhalation Dose x CRAF x CPF x 106 

= URF x Cair
Where: CPF = Cancer potency factor (mg/kg-day)-1 

CRAF = Cancer Risk Adjustment Factor
URF =Unit risk factor  (cancer risk per μg/m3)

Unit Risk Factor for Benzene
CPF CRAF URF

Exposure Type (mg/kg-day)-1 (-) Benzene
Residential (70-Yr Exposure) 1.00E-01 1.7 49.2

Model Results and Maximum Cancer Risks 
1-Hour Annual Average Benzene Acute Chronic

Concentration Concentration Cancer Risk Benzene Benzene
Receptor Type (μg/m3) (μg/m3) (per million) Hazard Index Hazard Index

Off-Site Residential (70-year exposure) 1.63 0.00817 0.40 0.0013 0.0001

Reference Exposure Levels (REL)
Reference Exposure Level (μg/m3)

Acute Chronic
Compound (1-hour) (annual average)

Benzene 1,300 60
Source: BAAQMD, Recommended Methods for Screening Local Risks and Hazards , May 2012  
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EXECUTIVE SUMMARY 

This transportation impact study examines the current transportation network and addresses the 

environmental effects on future circulation system that would result from the implementation of the 

proposed Concord Costco gasoline fuel station expansion. 

The Concord Costco site is situated on approximately 21.4 acres, roughly one mile south of downtown 

Concord. The site is located on the southeast quadrant of the Monument Boulevard/Detroit Avenue 

intersection at 2400 Monument Boulevard, roughly one mile south of the City’s central business 

district. Site accesses are available on Monument Boulevard, Detroit Avenue and Southern Access Road.  

The results of this study indicate that the proposed Concord Costco gasoline expansion can be 

constructed while maintaining acceptable traffic operations and safety at the study intersections in 

both the year 2014 existing and year 2040 cumulative scenarios.  

FINDINGS 

Year 2014 Existing Conditions 

 Seven study intersections (including site driveways) were selected and agreed upon by the 

City of Concord for inclusion in the traffic operations analysis.  

 All of the study intersections operate at acceptable levels of service during the weekday 

p.m. and weekend midday peak hours. 

Proposed Development Plan 

 The proposed gasoline fuel station expansion will include eight new fuel pump stations, 

increasing capacity 50% from 16 fuel pump stations to 24 fuel pump stations. 

 The proposed fuel station expansion is estimated to generate 220 daily net new trips during 

the weekday and 255 daily net new trips during the weekend. 

 20 net new trips (10 inbound, 10 outbound) are projected to occur during the 

weekday p.m. peak hour. 

 25 net new trips (15 inbound, 10 outbound) are projected to occur during the 

weekend midday peak hour. 

Year 2014 Existing Plus Project Traffic Conditions 

 Existing plus project conditions include project-generated traffic from the proposed Concord 

Costco gasoline fuel station expansion. 
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 All of the study intersections, and site access points, are forecast to operate with acceptable 

levels of service during the weekday p.m. and weekend midday peak hours. 

Year 2040 Cumulative Traffic Conditions 

Cumulative traffic conditions at the study intersections were based on a 0.9-percent annual growth rate 

applied to the existing traffic volumes. There were two intersections operating below the City of 

Concord’s level of service standards in the cumulative conditions. 

 Intersection 2 – Monument Boulevard/Costco Driveway  

 Operates at LOS “E” with an average delay of 47.2 seconds per vehicle and a vehicle-

to-capacity ratio of 0.83 during the weekend midday peak hour. 

 Intersection 3 – Monument Boulevard/Detroit Avenue 

 Operates at LOS “E” with an average delay of 62.0 seconds per vehicle and a vehicle-

to-capacity ratio of 0.87 during the weekday p.m. peak hour. 

 Operates at LOS “F” with an average delay of 81.4 seconds per vehicle and a vehicle-

to-capacity ratio of 0.97 during the weekend midday peak hour. 

Year 2040 Cumulative Plus Project Traffic Conditions 

Cumulative plus project conditions include project-generated traffic from the proposed Concord Costco 

gasoline fuel station expansion. Project-generated traffic from the proposed gasoline fuel station 

expansion would be considered a significant impact at an intersection operating below City standard’s if 

average delay increases by three seconds or more. Likewise if any of the intersections operating at 

acceptable level of service drop below LOS “D”, the Project would be considered a significant impact at 

that location. 

 Project-generated traffic does not have a significant impact at any of the study intersections 

during the weekday p.m. and weekend midday peak hours. 

 The effects of project-generated traffic at the intersections affected in the cumulative 

scenario are described below:  

 Intersection 2 – Operates at LOS “E” during the weekend midday peak hour, project-

generated traffic increases delay by 2.9 seconds; 

 Intersection 3 – Operates at LOS “E” during the weekday p.m. peak hour, project-

generated traffic increases delay by 0.6 seconds; and 

 Intersection 3 – Operates at LOS “F” during the weekend midday peak hour, project-

generated traffic increases delay by 0.3 seconds. 
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Intersection Queuing Analysis 

KAI looked at the impact of the project-generated trips on 95th percentile queue lengths at each study 

intersection in both existing and cumulative scenarios. The 95th percentile queue would be the 

expected maximum queue under normal conditions. 

 No site driveways exceed their queue storage in the existing, existing plus project, 

cumulative, or cumulative plus project scenarios. 

 Two intersections have 95th percentile queues exceeding their storage length in the existing 

scenario: 

 Intersection 3 – Monument Boulevard/Detroit Avenue, northbound left queue 

exceeds storage by 200 feet and 100 feet during the weekend midday and weekday 

p.m. peak hours, respectively. The eastbound left queue exceeds storage by 175 feet 

and 150 feet during the weekend midday and weekday p.m. peak hours, 

respectively. 

 Intersection 7 – Monument Boulevard/Cowell Road, eastbound right queue exceeds 

storage by 25 feet during the weekday p.m. peak hour and northbound left 

southbound left queues exceed storage by 25 feet and 35 feet, respectively during 

the weekday p.m. and weekend midday peak hour. 

 Project-generated traffic analyzed in the existing plus project scenario does not increase 

queue lengths at any of the study in study intersections during the weekday p.m. or 

weekend midday day peak hours.   

 Three intersections have 95th percentile queues exceeding their storage length in the 

cumulative scenario. 

 Intersection 1 – Monument Boulevard/Oak Grove Road, northbound left queue 

exceeds storage by 25 feet during the weekend midday day peak hour. 

 Intersection 3 – Monument Boulevard/Detroit Avenue, northbound left queue 

exceeds storage by 175 feet and 325 feet during the weekday p.m. and weekend 

midday peak hours, respectively. The eastbound left exceeds queues storage by 300 

feet during the weekday p.m. and weekend midday peak hours. 

 Intersection 7 – Monument Boulevard/Cowell Road, eastbound right queues exceed 

storage by 100 feet and 50 feet during the weekday p.m. peak hour and weekend 

peak hour respectively.  Northbound left and southbound left queues exceed queue 

storage by 50 feet and 35 feet, respectively during the weekday p.m. and weekend 

midday peak hour. The westbound left exceeds queue storage by 100 feet during 

the weekday p.m. peak period.  
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 Project-generated traffic analyzed in the cumulative plus project scenario does not increase 

queue lengths at any of the study in study intersections during the weekday p.m. or 

weekend midday day peak hours.   

Fuel Station Access, Circulation, and Queues 

 The fuel station is accessible from any of the site driveways; however, the full access 

intersection at Detroit Avenue is closest to the vehicle queues for the fuel station.  

 All gasoline fuel delivery tankers will enter and exit the site at the full access intersection on 

Detroit Avenue.  

 There is sufficient turning movement area throughout the fuel station and parking 

zones to accommodate the maneuverability of fuel delivery tankers.  

 Fuel station can remain in operation while fuel delivery occurs.  

 With the expansion of the fuel station, fuel station queues are estimated to decrease.  

 95th percentile queue lengths are estimated to decrease by 35% during the weekday 

p.m. peak period.  

 95th percentile queue lengths are estimated to decrease by 13% during the weekend 

midday peak hour, resulting in queues contained within the fuel station’s queuing 

area.



Section 2  
Introduction 
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INTRODUCTION 

Kittelson & Associates, Inc. (KAI) has prepared this transportation impact study that examines the 

current transportation network and addresses the transportation impacts of the proposed expansion to 

the existing Costco Gasoline fuel station at the existing Concord Costco development in Concord, 

California. 

PROJECT DESCRIPTION 

Costco is proposing to expand the existing Concord Costco gasoline facility to improve the service 

provided to existing members at this location who currently can experience long queues and wait times 

during the peak periods. The gasoline fuel station is located on the northern portion of the Costco site 

with dedicated queuing lanes and storage for vehicles. Figure 1 illustrates the proposed site plan of the 

Costco Gasoline fuel station expansion. 

The existing Concord Costco Gasoline fuel station consists of four islands with a total of sixteen vehicle 

fueling positions. Costco is proposing to expand the fuel station by adding four additional fueling 

dispensers (with two fueling positions each). The four additional dispensers will provide eight new 

fueling positions for a new total of twenty-four vehicle fueling positions, increasing capacity of the fuel 

station by 50%. KAI collected data from the current 16-position facility and analyzed this data, along 

with data from other Costco Gasoline expansions, to estimate impacts of expanding the fuel station to 

24-positions.  

PROJECT LOCATION 

The existing Concord Costco development is located at 2400 Monument Boulevard in Concord, 

California. The site is located on the south side of Monument Boulevard, bordered by Detroit Avenue to 

the east. The site is designated in a regional commercial zone as in not within the boundaries of 

Concord’s Central Business District1 as outlined in the City of Concord’s 2030 General Plan2 (Reference 

1). 

  

                                                        

1
 The Central Business District is generally defined as the area bound by Concord Avenue and Salvio Street to the north; 

Willow Pass Road, Clayton Road and Galidno Street to the south; Port Chicago Highway, Oakland Avenue and Mesa 

Street  to the east; and Interstate 680 to the west. 

2
 City of Concord. Concord 2030 General Plan: Volume I: Plan Policies, Concord, California, 2012. 
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SITE ACCESS 

There are three existing driveways accessing the Concord Costco site. A right-in/right-out access is 

available on the north side of the site with access to and from Monument Boulevard in the eastbound 

direction. There is a full access driveway located on the northeast side of the site which includes a 

signalized full movement access to and from Detroit Avenue. A third access driveway is accessible on 

the southern boundary of the site from the southern access road via Detroit Avenue. 

TRIP GENERATION CHARACTERISTICS 

Before and after data from comparable Costco Gasoline fueling station expansion sites was reviewed to 

determine a representative relationship between new trip generation and the addition of fueling 

positions to the existing station.  

The proposed fuel station expansion is estimated to generate 220 daily net new weekday trips and 255 

daily net new weekend trips. Twenty net new trips (10 inbound, 10 outbound) are projected to occur 

during the weekday p.m. peak hour, and 25 net new trips (15 inbound, 10 outbound) are projected to 

occur during the weekend midday peak hour. 

SCOPE OF THE REPORT 

This report evaluates the following transportation issues: 

 Existing land-use and transportation-system conditions within the site vicinity during the 

weekday p.m. and weekend midday peak periods; 

 Trip generation and distribution estimates for the proposed Concord Costco Gasoline fuel 

station expansion; 

 Existing plus project (with build-out of the project) traffic conditions during the weekday 

p.m. and weekend midday peak periods; 

 Forecast year 2040 cumulative traffic conditions during the weekday p.m. and weekend 

midday peak periods; 

 Forecast year 2040 cumulative plus project traffic conditions during the weekday p.m. and 

weekend midday peak periods; 

 A queuing analysis at each of the study intersections during the weekend p.m. and weekend 

midday peak period under existing, existing plus project, as well as cumulative and 

cumulative plus project traffic conditions; 

 Existing parking supply and demand at the Costco site and the impact of the proposed fuel 

station expansion on parking supply; 

 Fuel station access, circulation, and queuing; and  

 Conclusions and findings.  



Section 3  
Existing Conditions 



Concord Costco Gasoline Expansion Project # 13768  
Existing Conditions May 2015 

  11 Kittelson & Associates, Inc. 

EXISTING CONDITIONS 

The existing conditions analysis identifies the site conditions and current operational and geometric 

characteristics of the roadways within the study area. These conditions will be compared with future 

conditions and with-project conditions later in this report.  

KAI staff visited and inventoried the Concord Costco development site and surrounding study area in 

October 2014. At that time, KAI collected information regarding site conditions, adjacent land uses, and 

transportation facilities in the study area. Existing traffic counts at each of the study intersections were 

collected in mid-November 2014.  

SITE CONDITIONS AND ADJACENT LAND USES 

The site is located roughly one mile south of the City’s Central Business District. The land uses in the 

vicinity of the site are regional and service commercial with medium and low density residential land 

uses north of Monument Boulevard. Monument Boulevard provides an east/west connection from 

Interstate 680 to the west of the site and to downtown Concord to the east of the site. Figure 2 

illustrates key transportation facilities and study intersections within the study vicinity. 

TRANSPORTATION FACILITIES 

Existing transportation facilities and roadways in the study area are summarized in Table 1. 

Table 1. Existing Study Transportation Facilities and Roadways 

Roadway 
Complete Street 

Type Description
1
 

Number 
of Lanes 

Posted  
Speed (mph

2
) Sidewalks 

Bicycle 
Lanes 

On-Street 
Parking 

Monument Boulevard Community 4-6 Lanes 35 Yes No No 

Oak Grove Road Community 4 Lanes 35 Yes No No 

Meadow Lane Community 2-4 Lanes 35 Yes Yes Yes 

Detroit Avenue Neighborhood/Service 2-4 Lanes 35 Partial
3
 No Partial

4
 

Cowell Road Neighborhood 2 Lanes 35 Partial6 No
5
 Partial

6 

Notes: 1 Per City of Concord 2030 General Plan, Table 5.1; 2 mph represents miles per hour; 3 Sidewalks are not provided on the west side of Detroit 
Avenue, north of Monument Blvd; 4 On-street parking available on both sides of the road north of Monument Blvd; 5 Designated as a bike route; 6 

Intermittent sidewalks along east side of Cowell Road.  

Roadway Facilities 

The roadway network in the study area is comprised of an extensive street system made up of arterial, 

collector, and local roads. The roadway facilities within the study area are described below: 

Monument Boulevard provides an east/west connection from Interstate 680 to Concord’s Central 

Business District where it continues as Galindo Road north of the Cowell Road intersection.  
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Monument Boulevard ranges from 4-6 lanes along the corridor, with six lanes within the vicinity of the 

Concord Costco site. The posted speed limit is 35 mph. The roadway does not allow parking on either 

side of the street and does not include bike lanes. County Connection bus lines 14 and 16 run along 

Monument Boulevard and sidewalks are present on both sides of the roadway. 

Oak Grove Road is a four lane roadway running north/south on the west side of the City’s boundaries. 

Oak Grove Road is classified as a community road and provides access to neighborhoods in southwest 

Concord and Walnut Creek. Within the vicinity of the site the roadway has a posted speed limit of 35 

mph with sidewalks on both sides of the road. Bike lanes are not present and parking is prohibited. Oak 

Grove Road continues on as Meadow Lane north of Monument Boulevard. 

Meadow Lane continues in a north/south direction north of Monument Boulevard for roughly one mile 

before continuing on as Market Street running parallel along CA 242. Meadow lane is two lanes for the 

length of the roadway before widening to four lanes in the vicinity of the Monument Boulevard 

intersection. The roadway includes parking on both sides of the street as well as sidewalks and Class II 

bike lanes in both directions. 

Detroit Avenue provides north/south access from Clayton Road in the north to Chalomar Road in the 

south. Between Monument Boulevard and Clayton Road, Detroit Avenue provides access to low and 

medium density residential neighborhoods. There are no bike lanes north of Monument, and 

intermittent sidewalks on both sides of the street. Parking is allowed on both either sides of the 

roadway. South of Monument Boulevard, Detroit Avenue is four lanes with a center turn lane. There 

are no bike lanes and parking is prohibited on both sides of the street. A two-way center turn lane 

allows access to development on both sides of the roadway. There are sidewalks on both sides of 

Detroit Avenue within the vicinity of the Costco site. 

Cowell Road is located east of the project site and runs parallel to Clayton Road. The roadway consists 

of one lane in each direction. There are no bike lanes present; however, Cowell Road is designated as a 

Class 3B bike route. Parking is prohibited on both sides of the street and sidewalks are intermittent 

along the east side of the roadway.  

TRANSIT FACILITIES 

The Concord Costco site is accessible via County Connection bus lines 14 and 16. Both bus lines have 

designated stops on Monument Boulevard at the Monument Boulevard/Detroit Avenue intersection. 

Bus line 14 runs east/west from the Concord BART station to the Pleasant Hill BART station, with 

multiple stops along Monument Boulevard. Headways range from 20-40 minutes throughout the 

weekday and weekends. Bus line 16 runs from Concord BART station to the Martinez Amtrak station 

with 40 minute headways during weekdays and weekends. 

Both bus lines provide access to BART (Bay Area Rapid Transit) which provides regional access around 

the Bay Area. The Concord BART station is the closest BART station to the site roughly 1 mile northeast 

along Monument Boulevard/Galindo Street. Concord BART is along the Pittsburg Bay Point line which 
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runs seven days a week from Pittsburg to San Francisco International Airport and onto Millbrae during 

peak commute hours and on weekends. 

STUDY INTERSECTIONS 

This analysis determines the transportation-related impacts associated with the proposed Costco 

Gasoline fuel station expansion and was prepared in accordance with the City of Concord’s 

requirements for traffic impact analyses. The study intersections of this project were selected based on 

direction from City of Concord Staff. Figure 3 illustrates the lane configuration and traffic control device 

at each of the study intersections. Operational analyses were performed at following study 

intersections: 

1. Monument Boulevard/Oak Grove Road/Meadow Lane 

2. Monument Boulevard/Costco Driveway 

3. Monument Boulevard/Detroit Avenue 

4. Detroit Avenue/N Costco Driveway 

5. Detroit Avenue/Southern Access Road 

6. Southern Access Road/S Costco Driveway 

7. Monument Boulevard/Cowell Road 

EXISTING PEAK HOUR TRAFFIC OPERATIONS 

Intersection turning movement counts were collected on a typical midweek day afternoon (PM) peak 

commute period and weekend midday day (MID) peak period in November 2014. The PM peak 

commute period generally occurs between 4:00 p.m. and 6:00 p.m. However, to capture the highest 

one-hour volumes during the peak PM period, counts were collected from 3:30 p.m. to 6:30 p.m. at 

each study intersection on Wednesday, November 12, 2014. To capture the weekend midday peak 

hour, counts were collected between 12:00 p.m. and 3:00 p.m. on Saturday, November 8, 2014. The 

system-wide weekday p.m. and weekend midday peak hours were found to occur between 5:00 p.m. 

and 6:00 p.m. and 1:05 p.m. and 2:05 p.m., respectively. 

Current Levels of Service 

All level of service analyses described in this report were performed in accordance with the procedures 

stated in the 2000 Highway Capacity Manual3 (Reference 2) as required by the City of Concord’s 2030 

General Plan. A description of level of service and its criteria is presented in Appendix “A”. 

                                                        

3
 Transportation Research Board. Highway Capacity Manual, Washington, D.C., 2000. 
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Appendix “A” also indicates how level of service is measured and what is generally considered the 

acceptable range of level of service. Intersection level of service (LOS) is analogous to the letter grades 

in a school report card. Motorists using an intersection that operates at LOS “A” experience very little 

delay, while those using an intersection that operates at LOS “F” will experience what most would 

consider unacceptably long delays. 

The City of Concord has adopted level of service standards for signalized and unsignalized intersections. 

Based on Concord’s General Plan, LOS “D” or better is considered acceptable at a signalized intersection 

outside of the Central Business District. A critical movement volume-to-capacity ratio of 0.90 or less and 

an LOS “E” or better are typically considered acceptable at an unsignalized intersection.  

The existing intersection level of service evaluation used the peak 15-minute flow rate during the 

weekday p.m. and weekend midday peak hours. Using the peak 15-minute flow rate ensures that this 

analysis is based on a reasonable worst-case scenario. For this reason, the analysis reflects conditions 

that are only likely to occur for 15 minutes out of each average peak hour. The transportation system 

will likely operate under conditions better than those described in this report during all other time 

periods. 

Figure 4 and Figure 5 provide the intersection turning movement counts and summarize the 

intersection level of service results for the weekday p.m. and weekend midday peak hour existing traffic 

conditions. Table 2 also summarizes the existing conditions intersection operations. As shown in the 

figures and in Table 2, all of the study intersections operate at acceptable levels of service during the 

existing conditions weekday p.m. and weekend midday peak hours.  Appendix “B” includes the level of 

service worksheets for the existing traffic conditions scenarios. 

Table 2. Existing Peak Hour Traffic Operations 

Study Intersection 
Peak 

Period 

Existing Traffic Operations 

LOS
1
 Delay

2
 V/C Ratio

3
 

1. Monument Blvd/Oak Grove Rd 
PM Peak D 36.7 0.57 

MID Peak C 33.8 0.59 

2. Monument Blvd/Costco Dwy 
PM Peak C 19.8 0.44 

MID Peak C 24.9 0.61 

3. Monument Blvd/Detroit Ave 
PM Peak D 48.8 0.74 

MID Peak D 47.6 0.81 

4. Detroit Ave/N Costco Dwy 
PM Peak B 17.6 0.57 

MID Peak C 21.7 0.63 

5. Detroit Ave/Southern Access Rd 
PM Peak C 15.3 0.35 

MID Peak C 15.9 0.44 

6. Southern Access Dr/S Costco Dwy 
PM Peak A 9.8 0.19 

MID Peak B 10.8 0.32 

7. Monument Blvd/Cowell Rd 
PM Peak C 33.0 0.66 

MID Peak C 30.7 0.54 
Notes: 1 LOS = Level of Service; 2 Delay is reported in seconds per vehicle; 3 V/C Ratio is defined as vehicle-to-capacity ratio which calculates the 
number of vehicles divided by the capacity of the roadway/intersection during the peak 15 minutes of the peak hour. 
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TRANSPORTATION IMPACT ANALYSIS 

The transportation impact analysis identifies how the study area’s transportation system will operate 

under near-term and in long-term cumulative conditions with the proposed fuel station expansion built-

out. The impact of traffic generated by the proposed Costco Gasoline fuel station expansion during the 

typical weekday p.m. and weekend midday peak hours was examined as follows: 

 Project-generated trips were estimated for build-out of the project; 

 Project trip-distribution patterns were derived after the existing traffic patterns and the 

major trip origins and destinations in the Concord area were evaluated; 

 Existing and cumulative year 2040 conditions were analyzed with the addition of project-

generated traffic at each of the study intersections and site-access points during the 

weekday p.m. and weekend midday peak hours;  

 Queuing analysis was completed at each of the study intersections for existing, existing plus 

project, cumulative and cumulative plus project scenarios;  

 Existing on-site parking supply and demand was evaluated and impacts to parking based on 

the proposed fuel station expansion were identified; and 

 Fuel station access, queuing, and on-site circulation were evaluated. 

TRIP GENERATION 

In developing a trip generation estimate for fuel station expansion, it is important to recognize that the 

fuel station exists on site today and the proposed project is an expansion to this existing use, not the 

addition of a new use. Furthermore, the market area of the Concord Costco is already defined through 

existing membership and operations. As such, it’s unlikely that trip generation of the fuel station will 

increase directly in proportion to the increased number of fueling positions. More likely is that the 

additional fueling positions will serve to more efficiently and effectively process the current peak 

demand at the fuel station, thus reducing wait times, vehicle queuing, and vehicle idling. 

Although the standard reference manual ITE Trip Generation currently reports trip generation for 

gasoline stations based on the independent variable of fueling positions, more recent transportation 

studies indicate that other variables besides the specific number of fueling pumps have a much larger 

influence on trip generation. As such, the profession is moving towards modifying this for the gasoline 

station land use codes and working on studies that include different independent variables. An ITE 

paper was published in the June 2011 ITE Journal documenting a study completed by North Carolina 

State University confirming these methodologies. 

To confirm this approach, before and after data from comparable Costco Gasoline fuel station 

expansion sites was reviewed to determine a more representative relationship between new trip 

generation and the addition of fueling positions to the existing station.  
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Before & After Fuel Expansion Data Summary 

KAI worked with Costco to identify eight Costco Gasoline locations that have expanded in size. There 

are several examples where Costco Gasoline fuel stations had been expanded from three islands (12 

fueling positions) to four islands (16 fueling positions), one example of expanding from 16 to 20 

positions, and one example of expanding from 12 to 20 positions. This also includes the Concord 

California site when it was previously expanded from 12 to 16 fueling positions. The comparable 

expansion sites identified were: 

 Salem, Oregon  Concord, California 

 Kona, Hawaii  Folsom, California 

 Orem, Utah  Waipio, Hawaii 

 Vancouver, Washington  Issaquah, Washington 

In order to work with a representative sample size, Costco provided fuel transaction data collected on 

an hourly basis for a period before and after the expansion at each of these locations. Only data that 

was collected during similar months of the year prior to and after the expansion was included in this 

summary (for example, fuel transactions for the months of October and November before the 

expansion were compared to fuel transactions for the months of October and November after the 

expansion). The results of this before and after comparison for the eight listed sites are provided in 

Table 3. 

Table 3. Average Weekday Fuel Transactions Before & After Data Summary 

 Average Weekday Daily Fuel Transactions 

Location Before Expansion After Expansion % Difference 

Salem, OR 1,911 2,223 16.3% 

Kona, HI 2,336 2,406 3.0% 

Orem, UT 2,239 2,390 6.7% 

Concord, CA 2,502 2,578 3.0% 

Folsom, CA 2,370 2,593 9.4% 

Vancouver, WA 2,370 2,709 14.3% 

Waipio, HI
1
 3,941 4,258 8.0% 

Issaquah, WA
2
 2,800 3,150 12.5% 

Average   9.2% 

Notes: 
1
 Expansion from 16 fueling positions to 20 fueling positions; 

2
 Expansion from 12 fueling positions to 20 

fueling positions; All other examples are expansions from 12 to 16 fueling positions. 

As shown in Table 3, each of the eight sites recorded an increase in the number of average weekday 

daily fuel transactions. However, the increase found in all situations is significantly less than what would 

be calculated from a direct linear relationship to the number of vehicle fueling positions. Using a linear 

relationship, expanding the fuel station from 12 to 16 fueling positions would equate to an increase in 

activity or trip generation of 33%, expanding from 12 to 20 positions would equate to an increase of 

67%, and expanding from 16 to 24 would equate to an increase of 50%. However, the actual before and 

after data shows an average increase of 9.2% in daily fuel transactions. 
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This data demonstrates that increasing the number of fueling positions at the Concord Costco Gasoline 

facility will not result in a direct linear increase in trip generation. The before and after data captures 

the change in demand that results from reducing peak hour queues and wait times at the fuel stations 

due to the effect of latent demand and more efficient peak operations. In all cases, peak queues and 

wait times are significantly reduced and those members who previously chose not to purchase fuel 

because of the wait times will likely do so in either case once the operations are improved. 

Fuel Station Expansion Trip Generation Estimate 

Under existing conditions, the Concord Costco Gasoline facility generates 470 trip ends (or 235 vehicles) 

during the weekday p.m. peak hour and 520 trip ends (or 260 vehicles) during the weekend midday 

peak hour. Applying the data from Table 3 and the observed increase in activity from Costco Gasoline 

expansion sites to the existing trip generation, Table 4 and Table 5 provide an estimate of the expected 

number of additional trips that will result from the proposed expansion to the Concord Costco Gasoline 

facility. Applying the determined 9.2% increase in activity due to the proposed expansion, the new total 

trip generation estimate for the weekday p.m. peak hour is summarized in Table 4. 

Table 4. Concord Costco Gasoline Expansion Trip Generation Estimate – PM Peak Hour 

Trip Generation 

Concord Costco Existing 
Trips 

(16 fueling positions)
1 

Estimated Trips due to 
Fuel Station Expansion

2 

Total PM Estimated Trips 
w/Fuel Station Expansion 

(24 fueling positions) 

In Out Total In Out Total In Out Total 

Total Trips 235 235 470 25 20 45 260 255 515 

Internal Trips (34%) (80) (80) (160) (10) (5) (15) (90) (85) (175) 

External Trips 155 155 310 15 15 30 170 170 340 

Pass-by Trips (37%)
3
 (55) (55) (110) (5) (5) (10) (60) (60) (120) 

Net New Trips
4
 100 100 200 10 10 20 110 110 220 

Notes: 1 Traffic counts obtained at the existing Concord Costco Gasoline fuel station in November 2014; 2 Estimated trips based on before and after 
data from similar Costco gasoline expansion locations; 3 Note pass-by trip percentage is percentage of external trips; 4 Member surveys at existing 
Costco fuel stations indicate that only approximately 18% of the total existing fuel station trips are “net new” trips on the surrounding transportation 
system whose primary purpose is to visit the Costco fuel station. The remaining 72% of the trips are shared internal trips with the Costco warehouse 
or pass-by and diverted trips from the neighboring roadways; as a conservative measure, trip generation estimates were rounded to the next fifth 
vehicle.  

As seen from Table 4, the additional fueling positions are estimated to generate approximately 45 

additional weekday p.m. peak hour total trip ends. However, only approximately 20 of these trip ends 

(or 10 vehicles) will be net new trips of the surrounding transportation system. 

Under existing conditions, the Concord Costco Gasoline facility generates 520 trip ends (or 260 vehicles) 

during the weekend midday peak hour. By applying the 9.2% increase in the activity due to the 

proposed expansion, the weekend midday peak hour is estimated to generate approximately 50 

additional trips ends. However, only approximately 25 of these trip ends will be net new trips. Table 5 

summarizes the estimated trip generation due to the proposed expansion. 
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Table 5. Concord Costco Gasoline Expansion Trip Generation Estimate – Midday Peak Hour 

Weekend Midday 
Peak Hour 

Actual Concord Existing Trips 
(16 fueling positions) 

Estimated Trips w/Fuel 
Station Expansion (24 

fueling positions) 

Total Estimated Trips 
w/Fuel Station Expansion 

(24 fueling positions 

In Out Total In Out Total In Out Total 

Total Trips 260 260 520 25 25 50 285 285 570 

Internal Trips (35%) (90) (90) (180) (5) (10) (15) (95) (100) (195) 

External Trips 170 170 340 20 15 35 190 185 375 

Pass-by Trips (33%) (55) (55) (110) (5) (5) (10) (60) (60) (120) 

Net New Trips 115 115 230 15 10 25 130 125 255 
Notes: 1 Traffic counts obtained at the existing Concord Costco Gasoline fuel station in November 2014; 2 Estimated trips based on before and after 
data from similar Costco gasoline expansion locations; 3 Note pass-by trip percentage is percentage of external trips; 4 Member surveys at existing 
Costco fuel stations indicate that only approximately 18% of the total existing fuel station trips are “net new” trips on the surrounding transportation 
system whose primary purpose is to visit the Costco fuel station. The remaining 72% of the trips are shared internal trips with the Costco warehouse 
or pass-by and diverted trips from the neighboring roadways; as a conservative measure, trip generation estimates were rounded to the next fifth 
vehicle.  

TRIP DISTRIBUTION AND ASSIGNMENT 

Trip distribution patterns were derived from the existing traffic patterns and major trip origins and 

destinations within the study area. Traffic counts verified that roughly half of the site generated trips 

access the site via Monument Boulevard west of Detroit Avenue. From the west, Monument Boulevard 

provides connections to Interstate 680. To the east, Monument Boulevard provides connection to 

downtown Concord and its central business district, of which roughly 30 percent site generated traffic is 

distributed east of Detroit Avenue. Roughly 20 percent of project-generated is distributed north/south 

along Detroit Avenue, providing connections local neighborhoods to the north of Monument Boulevard 

and commercial development and local neighborhoods south of Monument Boulevard. Figure 6 

illustrates the estimated trip distribution pattern for the proposed development. 

The estimated project-generated trips were assigned to the network by distributing the trips shown in 

Table 4 and Table 5 according to the trip distribution pattern shown in Figure 6. Figure 7 and Figure 8 

illustrate the project-generated trips that are expected to use the roadway system during the weekday 

p.m. and weekend midday peak hours, respectively. 

  









Concord Costco Gasoline Expansion Project # 13768  
Transportation Impact Analysis May 2015 

  27 Kittelson & Associates, Inc. 

Traffic Volumes 

Intersection operation results in the existing plus project scenario reflect existing traffic counts plus 

project-generated trips from the proposed gasoline fuel station expansion.  

Level of Service Analysis 

As mentioned previously, all level of service analyses described in this section were performed in 

accordance with the procedures stated in the 2000 Highway Capacity Manual as required by the City of 

Concord’s 2030 General Plan. The City of Concord has adopted level of service standards for signalized 

and unsignalized intersections. Based on Concord’s General Plan, LOS “D” is considered acceptable at a 

signalized intersection outside of the Central Business District. A critical movement volume-to-capacity 

ratio of 0.90 and an LOS “E” are typically considered acceptable at an unsignalized intersection.  

In accordance with CCTA’s Technical Procedures4 (Reference 3) and discussions with City of Concord 

Staff, intersections operating below LOS “D” without project-generated traffic would be considered to 

have a significant impact if project-generated traffic increases intersection delay by three seconds or 

more. 

EXISTING PLUS PROJECT TRAFFIC CONDITIONS 

The existing plus project scenario analyzed how the study area’s transportation system will operate 

with the project-generated traffic by the proposed fuel station expansion in the near term. The project-

generated traffic (shown in Figure 7 and Figure 8) was added to the existing traffic volumes for the 

weekday p.m. and weekend midday peak hours (shown in Figure 4 and Figure 5) to arrive at the existing 

plus project traffic volumes and conditions presented in Figure 9 and Figure 10. 

  

                                                        

4
 DKS Associates. Contra Costa Transportation Authority Final Technical Procedures, Concord, California, January 2013. 
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Intersection Level of Service 

Table 6 presents the existing plus project traffic operation results at each of the study intersections. The 

results of the existing plus project traffic analysis indicate that all of the study intersections and site 

driveways are forecast to operate at acceptable levels of service during the weekday p.m. and weekend 

midday peak hours. Appendix “C” contains the year 2014 existing plus project traffic operation 

worksheets. 

Table 6. Existing Plus Project Traffic Operations 

Study Intersection 
Peak 

Period 

Existing Plus Project Traffic Operations 

LOS
1
 Delay

2
 V/C Ratio

3
 

1. Monument Blvd/Oak Grove Rd 
PM Peak D 36.6 0.57 

MID Peak C 33.8 0.60 

2. Monument Blvd/Costco Dwy 
PM Peak C 20.3 0.46 

MID Peak D 25.9 0.62 

3. Monument Blvd/Detroit Ave 
PM Peak D 49.0 0.74 

MID Peak D 47.9 0.81 

4. Detroit Ave/N Costco Dwy 
PM Peak B 18.4 0.58 

MID Peak C 22.1 0.64 

5. Detroit Ave/Southern Access Rd 
PM Peak C 15.3 0.35 

MID Peak C 15.9 0.44 

6. Southern Access Dr/S Costco Dwy 
PM Peak A 9.8 0.19 

MID Peak B 10.8 0.32 

7. Monument Blvd/Cowell Rd 
PM Peak C 33.0 0.66 

MID Peak C 30.7 0.54 
Notes: 1 LOS = Level of Service; 2 Delay is reported in seconds per vehicle; 3 V/C Ratio is defined as vehicle-to-capacity ratio which calculates the 
number of vehicles divided by the capacity of the roadway/intersection during the peak 15 minutes of the peak hour. 

As can be seen from Figure 9 and Figure 10 and Table 6, all study intersections were found to continue 

to operate at acceptable levels of service and volume-to-capacity ratios in the existing plus project 

scenarios. The project was not found to have a significant impact (increase intersection delay by three 

seconds or more) at any of the study intersections.  
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YEAR 2040 CUMULATIVE TRAFFIC CONDITIONS 

The year 2040 cumulative traffic conditions analysis forecasts how the study area’s transportation 

system will operate in the long-term both with and without the proposed fuel station expansion.  

Traffic Volumes 

The growth rate used in this analysis was derived from the loaded networks of the Contra Costa 

Countywide Travel Demand Model provided by the Contra Costa Transportation Authority (CCTA). 

Loaded model plots were provided for the p.m. peak hour in year 2013 and year 2040. The CCTA Travel 

Demand Model predicts an annual growth rate along Monument Boulevard and within the site vicinity 

to be 0.9-percent per year from 2013 to 2040. City staff verified that a 0.9-percent annual growth rate 

should be assumed between year 2014 and year 2040.  

Ultimately, the cumulative year 2040 traffic volumes were developed by applying a 0.9-percent annual 

growth rate to the existing traffic volumes shown in Figure 4 and Figure 5. To analyze the impacts of 

project-generated trips in year 2040, both cumulative scenarios accounted for 0.9-percent of annual 

growth. The cumulative plus project scenario accounts for Costco Gasoline fuel station expansion’s 

project-generated trips plus annual growth 

Figure 11 and Figure 12 summarize the turning movements volumes and traffic operations results at 

each of the study intersections for the 2040 cumulative scenario for the weekday p.m. and weekend 

midday peak hour, respectively. 

Intersection Level of Service 

This analysis determined that all of the study intersections will continue to operate with acceptable 

levels of service during the weekday p.m. and weekend midday peak hours with the following 

exceptions: 

 Monument Boulevard/Costco Driveway during the weekend midday peak hour; and 

 Monument Boulevard/Detroit Avenue during the weekday p.m. and weekend midday peak 

hours. 

Again, these results are without the proposed project traffic. Table 7 also summarizes the results of the 

cumulative traffic conditions at each of the study intersections. Appendix “D” includes the year 2040 

cumulative traffic operations worksheets. 
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Table 7. Year 2040 Cumulative Traffic Operation Results 

Study Intersection 
Peak 

Period 

Year 2040 Cumulative Traffic Operations 

LOS
1
 Delay

2
 V/C Ratio

3
 

1. Monument Blvd/Oak Grove Rd 
PM Peak D 38.4 0.67 

MID Peak D 35.6 0.73 

2. Monument Blvd/Costco Dwy 
PM Peak C 24.6 0.54 

MID Peak E 47.2 0.83 

3. Monument Blvd/Detroit Ave 
PM Peak E 62.0 0.87 

MID Peak F 81.4 0.97 

4. Detroit Ave/N Costco Dwy 
PM Peak C 21.0 0.64 

MID Peak C 28.2 0.72 

5. Detroit Ave/Southern Access Rd 
PM Peak C 17.6 0.43 

MID Peak C 20.7 0.58 

6. Southern Access Dr/S Costco Dwy 
PM Peak B 10.0 0.21 

MID Peak B 11.0 0.34 

7. Monument Blvd/Cowell Rd 
PM Peak D 36.9 0.76 

MID Peak C 33.1 0.66 
Notes: 1 LOS = Level of Service; 2 Delay is reported in seconds per vehicle; 3 V/C Ratio is defined as vehicle-to-capacity ratio which calculates the 
number of vehicles divided by the capacity of the roadway/intersection during the peak 15 minutes of the peak hour. Bold and highlighted text 
represents intersections operating below the City of Concord’s level of service standards. 

Traffic operation results at the unsignalized intersection of Monument Boulevard/Costco Driveway are 

reporting the level of service (LOS), delay and vehicle-to-capacity ratio of the critical movement or 

approach. The critical movement corresponds to the stop controlled, northbound right movement 

which represents vehicles exiting Costco’s site and turning right onto Monument Boulevard. Delay for 

this movement is greater than 40 seconds resulting in LOS “E” for the movement. Overall, the 

intersection which is a right-in/right-out access for the Costco site is still operating well under capacity 

(v/c of 0.54 and 0.83) during both the weekday p.m. and the weekend midday peak hours in the 2040 

cumulative scenario. 

The signalized intersection of Monument Boulevard/Detroit Avenue operates below the City of 

Concord’s intersection operation standards during the weekend p.m. and weekday midday peak hours 

under the 2040 cumulative scenario. The westbound, northbound and southbound approaches are over 

capacity resulting in an average delay at the intersection exceeding one minute during the weekend 

p.m. peak period. Similarly, the westbound and northbound approaches during the weekend midday 

peak hour are over capacity. 
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YEAR 2040 CUMULATIVE PLUS PROJECT TRAFFIC CONDITIONS 

The year 2040 cumulative plus project traffic conditions analysis forecasts how the study area’s 

transportation system will operate in 2040 including traffic from the proposed gasoline fuel station 

expansion.  

Traffic Volumes 

The cumulative plus project scenario turning movement traffic volumes are the sum of the project-

generated trips due to the expansion of the gasoline fuel station expansion and the 2040 cumulative 

scenario traffic volumes (shown in Figure 11 and Figure 12) which were developed from existing counts 

collected in 2014 grown by a 0.9-percent annual growth rate calculated from the loaded networks of 

the Contra Costa Countywide Travel Demand Model. 

Figure 13 and Figure 14 summarize the cumulative plus project traffic volumes and operational 

conditions for the weekday p.m. peak hour and weekend midday peak hour, respectively.  

Intersection Level of Service 

As under the cumulative scenario, all study intersections were found to continue to operate acceptably 

in the 2040 cumulative plus project scenario with the following exceptions: 

 Monument Boulevard/Costco Driveway during the weekend midday peak hour 

 Monument Boulevard/Detroit Avenue during the weekday p.m. and weekend midday peak 

hours. 

Again, these are the same locations that were found to exceed City of Concord standards in the 

cumulative scenario (without any project related traffic). If project-generated traffic from the proposed 

fuel station expansion increases either of the intersection’s average delay by more than three seconds, 

the Project would be considered to have a significant impact at these locations. Likewise if any of the 

intersections operating at an acceptable level of service drop below LOS “D,” the Project would be 

considered to have a significant impact. Table 8 includes the results of the cumulative plus project 

traffic conditions at each of the study intersections. Bold cells represent intersection conditions below 

the City’s level of service standards, but do not represent a significant impact due to the project-

generated trips. 
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Table 8. Year 2040 Cumulative Plus Project Traffic Operation Results 

Study Intersection 
Peak 

Period 

Year 2040 Cumulative Plus Project 
Traffic Operations 

LOS
1
 Delay

2
 V/C Ratio

3
 

1. Monument Blvd/Oak Grove Rd 
PM Peak D 38.4 0.67 

MID Peak D 35.6 0.73 

2. Monument Blvd/Costco Dwy 
PM Peak D 25.4 0.56 

MID Peak E 50.1 0.85 

3. Monument Blvd/Detroit Ave 
PM Peak E 62.6 0.87 

MID Peak F 81.7 0.97 

4. Detroit Ave/N Costco Dwy 
PM Peak C 21.4 0.64 

MID Peak C 28.8 0.72 

5. Detroit Ave/Southern Access Rd 
PM Peak C 17.6 0.43 

MID Peak C 20.7 0.58 

6. Southern Access Dr/S Costco Dwy 
PM Peak B 10.0 0.21 

MID Peak B 11.0 0.34 

7. Monument Blvd/Cowell Rd 
PM Peak D 36.9 0.76 

MID Peak C 33.2 0.66 

Notes: 1 LOS = Level of Service; 2 Delay is reported in seconds per vehicle; 3 V/C Ratio is defined as vehicle-to-capacity ratio which calculates the 
number of vehicles divided by the capacity of the roadway/intersection during the peak 15 minutes of the peak hour. Bold text represents 
intersections operating below the City of Concord’s level of service standards, but is not significantly impacted by the project-generated trips. 

The cumulative plus project analysis determined that the project-generated trips do not have a 

significant impact at any of the study intersections. The unsignalized intersection of Monument 

Boulevard/Costco Driveway during the weekend midday peak hour and the signalized intersection of 

Monument Boulevard/Detroit Avenue during the weekday p.m. and weekend midday peak hours, 

continued to operate below the City’s level of service standards. However, the project-generated trips 

did not increase delay at either of the intersections in either peak hour scenario by more than three 

seconds. 

Table 9. Cumulative Impacted Intersections Compared to Cumulative Plus Project 

Study Intersection 
Peak 

Period 

Year 2040 Cumulative Traffic 
Operations 

Year 2040 Cumulative + Project 
Traffic Operations 

LOS
1
 Delay

2
 V/C Ratio

3
 LOS

1
 Delay

2
 V/C Ratio

3
 

2. Monument Blvd/Costco Dwy MID Peak E 47.2 0.83 E 50.1 0.85 

3. Monument Blvd/Detroit Ave 
PM Peak E 62.0 0.87 E 62.6 0.87 

MID Peak F 81.4 0.97 F 81.7 0.97 
Notes: 1 LOS = Level of Service; 2 Delay is reported in seconds per vehicle; 3 V/C Ratio is defined as vehicle-to-capacity ratio which calculates the 
number of vehicles divided by the capacity of the roadway/intersection during the peak 15 minutes of the peak hour. 

Table 9 displays the comparison between the cumulative and cumulative plus project intersection 

operations at study intersections 2 and 3.   

 Intersection 2 – Operates at LOS “E” during the weekend midday peak hour, project-

generated traffic increases delay by 2.9 seconds; 
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 Intersection 3 – Operates at LOS “E” during the weekday p.m. peak hour, project-generated 

traffic increases delay by 0.6 seconds; and 

 Intersection 3 – Operates at LOS “F” during the weekend midday peak hour, project-

generated traffic increases delay by 0.3 seconds. 

Overall, project-generated trips due to the proposed Costco Gasoline fuel station expansion do not 

significantly impact any of the study intersections in either the weekday p.m. or weekend midday peak 

hours. Figure 13 and Figure 14 illustrate the turning movement counts and traffic conditions at each of 

the study intersections during the weekday p.m. peak hour and weekend midday peak hours, 

respectively. Appendix “E” includes the year 2040 cumulative plus project traffic operation worksheets. 
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INTERSECTION QUEUE ANALYSIS 

In addition to the traffic operations analysis the City of Concord requested an intersection queuing 

analysis at each of the study intersections. KAI looked at the impact of the project-generated trips on 

95th percentile queue lengths, which represent queue lengths not expected to be exceeded during 95% 

of the peak hour. The queue analysis was run for existing and existing plus project, as well as 

cumulative and cumulative plus project scenarios.  

Using Trafficware’s Synchro 8 program, the queue analysis analyzed 95th percentile queues at each of 

the study intersections, including site driveways. Results from Synchro 8 for the weekday p.m. and 

weekend midday peak hours were verified by field observations when vehicle turning movement 

counts were collected in November 2014. Results of the 95th percentile queue lengths have been 

rounded up to the next 25th-foot representing the length of storage needed for one vehicle.  

Existing and Existing Plus Project Scenarios 

There are two intersections that have vehicular movements exceeding their storage length during the 

existing weekday p.m. and weekend midday peak hours. The signalized intersections of Monument 

Boulevard/Detroit Avenue has 95th percentile queues lengths exceeding queue storage for the 

eastbound left and northbound left movements. The signalized intersection of Monument 

Boulevard/Cowell Road has 95th percentile queues exceeding storage lengths in the eastbound right, 

northbound left, and southbound left movements during the weekday p.m. peak hour and the 

northbound left and southbound left movements during the weekend midday peak hour. 

The 95th percentile queue of the northbound left movement at the signalized intersection of Monument 

Boulevard/Oak Grove Road is at, but not exceeding storage capacity during the existing weekday p.m. 

and weekend midday peak hours. When adding project-generated traffic to the transportation 

network, queue lengths are not increased at any of the intersections, including the intersections that 

have impacts under existing conditions. Table 10 and Table 11 include queuing results at each of the 

study intersection during the existing weekday p.m. and weekend midday peak hour scenarios. 
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Table 10. Existing Scenario Weekday PM Peak Hour 95th Percentile Queues 

Intersection Queue Lengths (ft)
1
 EBL EBR WBL WBR NBL NBR SBL SBR 

Existing 

1. Monument Blvd/Oak Grove Rd 
Storage Length (ft) 150 275 250 - 175 - 175 200 

95th Percentile (ft) 100 50 150 - 175 - 125 75 

2. Monument Blvd/Costco Dwy 
Storage Length (ft) - - - - 325 - - - 

95th Percentile (ft) - - - - 75 - - - 

3. Monument Blvd/Detroit Ave 
Storage Length (ft) 250 - 700 - 225 - 130 - 

95th Percentile (ft) 425 - 225 - 325 - 100 - 

4. Detroit Ave/N Costco Dwy 
Storage Length (ft) - 175 - - 125 - 85 - 

95th Percentile (ft) - 25 - - 75 - 25 - 

5. Detroit Ave/Southern Access Rd 
Storage Length (ft) 150 - - - 150 - - - 

95th Percentile (ft) 50 - - - 25 - - - 

6. Southern Access Dr/S Costco Dwy 
Storage Length (ft) - - - - - - 150 - 

95th Percentile (ft) - - - - - - 25 - 

7. Monument Blvd/Cowell Rd 
Storage Length (ft) 150 150 300 - 200 200 40 60 

95th Percentile (ft) 100 175 275 - 225 75 75 0 

Existing Plus Project 

1. Monument Blvd/Oak Grove Rd 
Storage Length (ft) 150 275 250 - 175 - 175 200 

95th Percentile (ft) 100 50 150 - 175 - 125 75 

2. Monument Blvd/Costco Dwy 
Storage Length (ft) - - - - 325 - - - 

95th Percentile (ft) - - - - 75 - - - 

3. Monument Blvd/Detroit Ave 
Storage Length (ft) 250 - 700 - 225 - 130 - 

95th Percentile (ft) 425 - 225 - 325 - 100 - 

4. Detroit Ave/N Costco Dwy 
Storage Length (ft) - 175 - - 125 - 85 - 

95th Percentile (ft) - 25 - - 100 - 25 - 

5. Detroit Ave/Southern Access Rd 
Storage Length (ft) 150 - - - 150 - - - 

95th Percentile (ft) 50 - - - 25 - - - 

6. Southern Access Dr/S Costco Dwy 
Storage Length (ft) - - - - - - 150 - 

95th Percentile (ft) - - - - - - 25 - 

7. Monument Blvd/Cowell Rd 
Storage Length (ft) 150 150 300 - 200 200 40 60 

95th Percentile (ft) 100 175 275 - 225 75 75 0 

Notes: 1 95th percentile queue lengths have been rounded to the next 25th-foot, one vehicle represent 25 feet of storage; 2 The westbound left 
storage includes one dedicated left lane and an left-turn storage lane of 250 feet, total storage length in excess of 700 feet. Bold indicates 95th 
percentile queues exceeding the storage length. 
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Table 11. Existing Scenario Weekend Midday Peak Hour 95th Percentile Queues 

Intersection Queue Lengths (ft)
1
 EBL EBR WBL WBR NBL NBR SBL SBR 

Existing 

1. Monument Blvd/Oak Grove Rd 
Storage Length (ft) 150 275 250 - 175 - 175 200 

95th Percentile (ft) 100 50 100 - 175 - 150 75 

2. Monument Blvd/Costco Dwy 
Storage Length (ft) - - - - 325 - - - 

95th Percentile (ft) - - - - 100 - - - 

3. Monument Blvd/Detroit Ave 
Storage Length (ft) 250 - 700 - 225 - 130 - 

95th Percentile (ft) 400 - 225 - 425 - 75 - 

4. Detroit Ave/N Costco Dwy 
Storage Length (ft) - 175 - - 125 - 85 - 

95th Percentile (ft) - 0 - - 100 - 50 - 

5. Detroit Ave/Southern Access Rd 
Storage Length (ft) 150 - - - 150 - - - 

95th Percentile (ft) 75 - - - 25 - - - 

6. Southern Access Dr/S Costco Dwy 
Storage Length (ft) - - - - - - 150 - 

95th Percentile (ft) - - - - - - 50 - 

7. Monument Blvd/Cowell Rd 
Storage Length (ft) 150 150 300 - 200 200 40 60 

95th Percentile (ft) 100 125 175 - 225 100 75 0 

Existing Plus Project 

1. Monument Blvd/Oak Grove Rd 
Storage Length (ft) 150 275 250 - 175 - 175 200 

95th Percentile (ft) 100 50 100 - 175 - 150 75 

2. Monument Blvd/Costco Dwy 
Storage Length (ft) - - - - 325 - - - 

95th Percentile (ft) - - - - 125 - - - 

3. Monument Blvd/Detroit Ave 
Storage Length (ft) 250 - 700 - 225 - 130 - 

95th Percentile (ft) 400 - 200 - 425 - 75 - 

4. Detroit Ave/N Costco Dwy 
Storage Length (ft) - 175 - - 125 - 85 - 

95th Percentile (ft) - 0 - - 125 - 50 - 

5. Detroit Ave/Southern Access Rd 
Storage Length (ft) 150 - - - 150 - - - 

95th Percentile (ft) 75 - - - 25 - - - 

6. Southern Access Dr/S Costco Dwy 
Storage Length (ft) - - - - - - 150 - 

95th Percentile (ft) - - - - - - 50 - 

7. Monument Blvd/Cowell Rd 
Storage Length (ft) 150 150 300 - 200 200 40 60 

95th Percentile (ft) 100 125 175 - 225 100 75 0 

Notes: 1 95th percentile queue lengths have been rounded to the next 25th-foot, one vehicle represent 25 feet of storage; 2 The westbound left 
storage includes one dedicated left lane and an left-turn storage lane of 250 feet, total storage length in excess of 700 feet. Bold indicates 95th 
percentile queues exceeding the storage length. 

Cumulative and Cumulative Plus Project Scenarios 

Similar to the existing scenarios, the intersection of Monument Boulevard/Detroit Avenue and 

Monument Boulevard/Cowell Road reported 95th percentile queues exceeding storage length in the 

cumulative scenario during the weekday p.m. peak hour. The project-generated trips did not increase 

or significantly impact queue lengths at any of the study intersections in the cumulative plus project 

scenario. Table 12 includes the queuing results at each of the study intersections during the weekday 

p.m. peak hours. 
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Table 12. Cumulative Scenario Weekday PM Peak Hour 95th Percentile Queues 

Intersection Queue Lengths (ft)
1
 EBL EBR WBL WBR NBL NBR SBL SBR 

Cumulative 

1. Monument Blvd/Oak Grove Rd 
Storage Length (ft) 150 275 250 - 175 - 175 200 

95th Percentile (ft) 125 75 125 - 175 - 150 75 

2. Monument Blvd/Costco Dwy 
Storage Length (ft) - - - - 325 - - - 

95th Percentile (ft) - - - - 100 - - - 

3. Monument Blvd/Detroit Ave
2
 

Storage Length (ft) 250 - 700 - 225 - 130 - 

95th Percentile (ft) 550 - 275 - 400 - 100 - 

4. Detroit Ave/N Costco Dwy 
Storage Length (ft) - 175 - - 125 - 85 - 

95th Percentile (ft) - 25 - - 100 - 25 - 

5. Detroit Ave/Southern Access Rd 
Storage Length (ft) 150 - - - 150 - - - 

95th Percentile (ft) 75 - - - 25 - - - 

6. Southern Access Dr/S Costco Dwy 
Storage Length (ft) - - - - - - 150 - 

95th Percentile (ft) - - - - - - 25 - 

7. Monument Blvd/Cowell Rd 
Storage Length (ft) 150 150 300 - 200 200 40 60 

95th Percentile (ft) 100 250 400 - 250 75 75 0 

Cumulative Plus Project 

1. Monument Blvd/Oak Grove Rd 
Storage Length (ft) 150 275 250 - 175 - 175 200 

95th Percentile (ft) 125 75 125 - 175 - 150 75 

2. Monument Blvd/Costco Dwy
2
 

Storage Length (ft) - - - - 325 - - - 

95th Percentile (ft) - - - - 100 - - - 

3. Monument Blvd/Detroit Ave 
Storage Length (ft) 250 - 700 - 225 - 130 - 

95th Percentile (ft) 550 - 275 - 400 - 100 - 

4. Detroit Ave/N Costco Dwy 
Storage Length (ft) - 175 - - 125 - 85 - 

95th Percentile (ft) - 25 - - 100 - 25 - 

5. Detroit Ave/Southern Access Rd 
Storage Length (ft) 150 - - - 150 - - - 

95th Percentile (ft) 100 - - - 25 - - - 

6. Southern Access Dr/S Costco Dwy 
Storage Length (ft) - - - - - - 150 - 

95th Percentile (ft) - - - - - - 50 - 

7. Monument Blvd/Cowell Rd 
Storage Length (ft) 150 150 300 - 200 200 40 60 

95th Percentile (ft) 100 250 400 - 250 75 75 0 
Notes: 1 95th percentile queue lengths have been rounded to the next 25th-foot, one vehicle represent 25 feet of storage; 2 The westbound left 
storage includes one dedicated left lane and an left-turn storage lane of 250 feet, total storage length in excess of 700 feet. Bold indicates 95th 
percentile queues exceeding the storage length. 

Table 13 includes the queuing results at each of the study intersections during the weekend midday 

peak hour. The signalized intersections of Monument Boulevard/Oak Grove Road, Monument 

Boulevard/Detroit Avenue, and Monument Boulevard/Cowell Road experienced movements with 95th 

percentile queue lengths exceeding the available storage capacity in cumulative scenario during the 

weekend midday peak hour. Queue lengths did not increase or were not significantly impacted because 

of the project-generated trips in the cumulative plus project scenario.  
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Table 13. Cumulative Weekend Midday Peak Hour 95th Percentile Queues 

Intersection Queue Lengths (ft) EBL EBR WBL WBR NBL NBR SBL SBR 

Cumulative 

1. Monument Blvd/Oak Grove Rd 
Storage Length (ft) 150 275 250 - 175 - 175 200 

95th Percentile (ft) 125 75 75 - 200 - 175 75 

2. Monument Blvd/Costco Dwy 
Storage Length (ft) - - - - 325 - - - 

95th Percentile (ft) - - - - 200 - - - 

3. Monument Blvd/Detroit Ave
2
 

Storage Length (ft) 250 - 700 - 225 - 130 - 

95th Percentile (ft) 550 - 275 - 550 - 100 - 

4. Detroit Ave/N Costco Dwy 
Storage Length (ft) - 175 - - 125 - 85 - 

95th Percentile (ft) - 25 - - 125 - 50 - 

5. Detroit Ave/Southern Access Rd 
Storage Length (ft) 150 - - - 150 - - - 

95th Percentile (ft) 100 - - - 25 - - - 

6. Southern Access Dr/S Costco Dwy 
Storage Length (ft) - - - - - - 150 - 

95th Percentile (ft) - - - - - - 50 - 

7. Monument Blvd/Cowell Rd 
Storage Length (ft) 150 150 300 - 200 200 40 60 

95th Percentile (ft) 100 200 225 - 250 100 75 0 

Cumulative Plus Project 

1. Monument Blvd/Oak Grove Rd 
Storage Length (ft) 150 275 250 - 175 - 175 200 

95th Percentile (ft) 125 75 75 - 200 - 175 75 

2. Monument Blvd/Costco Dwy 
Storage Length (ft) - - - - 325 - - - 

95th Percentile (ft) - - - - 200 - - - 

3. Monument Blvd/Detroit Ave
2
 

Storage Length (ft) 250 - 700 - 225 - 130 - 

95th Percentile (ft) 550 - 275 - 550 - 100 - 

4. Detroit Ave/N Costco Dwy 
Storage Length (ft) - 175 - - 125 - 85 - 

95th Percentile (ft) - 25 - - 125 - 50 - 

5. Detroit Ave/Southern Access Rd 
Storage Length (ft) 150 - - - 150 - - - 

95th Percentile (ft) 100 - - - 25 - - - 

6. Southern Access Dr/S Costco Dwy 
Storage Length (ft) - - - - - - 150 - 

95th Percentile (ft) - - - - - - 50 - 

7. Monument Blvd/Cowell Rd 
Storage Length (ft) 150 150 300 - 200 200 40 60 

95th Percentile (ft) 100 200 225 - 250 100 75 0 
Notes: 1 95th percentile queue lengths have been rounded to the next 25th-foot, one vehicle represent 25 feet of storage; 2 The westbound left 
storage includes one dedicated left lane and an left-turn storage lane of 250 feet, total storage length in excess of 700 feet. Bold indicates 95th 
percentile queues exceeding the storage length. 

Overall, the project-generated trips have no significant impacts on 95th percentile queues in both the 

weekday p.m. peak hour and weekend midday peak hour cumulative plus project scenario. In order to 

manage queue lengths in the future it is suggested that the impacted intersections be monitored, and 

potential mitigations such as signal timing adjustments or turn lane extensions be considered as 

appropriate to manage intersection queuing. Appendix “F” includes the intersection queue analysis 

worksheets for each of the scenarios. 
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PARKING EVALUTION 

KAI evaluated the current and projected future parking conditions at the Costco site as they related to 

the proposed expansion to the Costco Gasoline fuel station.  

Existing Parking Conditions 

Existing parking conditions at the Concord Costco site (including relevant adjacent parcels) were 

inventoried and observed during the weekday p.m. and weekend midday peak demand periods to 

identify the existing parking supply and demand. This evaluation included a review of existing parking 

inventories, peak hour occupancy, parking conditions, and the physical layout of existing parking 

facilities. The focus of the parking analysis was to inventory parking on the site, including the number of 

parking spaces available and to obtain peak period parking occupancy counts to determine the current 

utilization of parking supply. To collect the parking data, the existing Concord Costco site was divided 

into seven zones (as illustrated in Figure 16) for ease of data collection, documentation, and refined 

analysis. 

Existing Parking Supply Inventory 

An inventory of existing parking supply was determined from on-site parking space counts during 

November 2014. All spaces were identified by location. Under existing conditions, no designated on-

street parking is permitted for the Costco development and all parking is contained on the site and in a 

designated employee parking lot across Detroit Avenue. designated for employee/overflow parking. 

Table 14 summarizes the existing parking inventory within the study area by designated parking zone. 

There are a total of 944 existing parking spaces, with 782 of those spaces specifically located on the 

Costco site. Zone 1 is an employee/overflow parking area consisting of 162 spaces and is located east of 

the warehouse across the street on Detroit Avenue. This parking lot is leased to Costco and is 

designated for employee/overflow parking. 

Table 14. Existing Parking Supply 

Study Parking Zone Parking Supply 

1
1
 162 

2 106 

3
2 

135 

4 80 

5
3
 160 

6 279 

7 22 

Total 944 
Notes: 1 Employees are encouraged to park in Zone 1, located on an adjacent parcel east of the warehouse on Detroit Avenue; 2 Parking supply 
includes nine handicap spaces and 16 spaces in front of the tire center; 3 Parking supply includes 10 handicap spaces. 
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Existing Parking Occupancy 

Parking occupancy measures the level of use of the parking supply during a given time period. It is 

typically expressed in terms of a percentage of parking supply. To evaluate existing parking occupancy 

rates at the Concord Costco site, parking demand counts were conducted in November 2014. Both the 

weekday p.m. peak period (3:30 p.m. to 6:30 p.m.) and the weekend midday peak period (12:00 p.m. to 

3:00 p.m.) were counted at half-hour intervals. These peak periods were identified for evaluation based 

on known trip generation characteristics and peaking characteristics at Costco warehouses. Trip 

generation characteristics at Costco warehouses and the parking counts for this site indicated that the 

weekend peak period experienced the highest parking demand and was the critical time period for the 

parking needs evaluation. Figure 15 illustrates the parking utilization during the weekend midday and 

weekday p.m. peak period.   

Figure 15. Concord Costco Parking Utilization 

 

From the parking data collected, it was determined that the peak half-hour of parking demand during 

occurred during the weekend midday peak period from 1:00 to 1:30 p.m. when 94% of total parking 

spaces on site were occupied. The peak half-hour for parking demand coincides with the midday peak 

hour, occurring from 1:05 p.m. to 2:05 p.m. Figure 16 provides a graphical summary of the parking 

occupancy in each of the Costco site parking zones during the midday peak half-hour. 

As summarized in Figure 16, the site parking in total was 94% occupied during the critical weekend peak 

half-hour. During the three hour weekend midday peak period, the site was 89% occupied overall. 

Throughout the peak period parking zone occupancy rates varied within the site. As expected, the 

parking spaces closest to the Costco warehouse entrance (Zones 3, 5, and 6) were heavily occupied, 

while the spaces in the farther corners of the parking lot had lower utilization.  

Zones 3, 5, and 6 which are located nearest the Costco warehouse entrance were the most heavily 

utilized zones with an average utilization of 92% during the weekend peak period and 97% utilization 

during the weekend midday peak half-hour. Parking zones on the remainder of the site averaged 74% 

utilization during the weekend peak period and 74% during the peak half-hour. 
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In general, parking is considered to be “full” at approximately 90% occupancy, as described in the ITE 

Parking Generation Manual5 (Reference 4). This is to allow for ease of circulation, parking availability, 

and to account for variations in parking turn-over. Therefore, under existing conditions, the site parking 

supply can be considered full during the peak half hour by these criteria with a limited margin for daily 

and seasonal fluctuations in parking demand.  

Effects of Proposed Fuel Station Expansion on Parking 

The site plan for the proposed gasoline expansion as seen in Figure 1 displays a net decrease of five 

parking spaces. These five parking spaces will be removed from Zone 4 and replaced with a water 

quality feature. Zone 4 had a utilization rate of 95% during the weekend peak half hour. The proposed 

fuel expansion would lower Zone 4 parking supply from 80 to 75 spaces.  

While some parking spaces will be removed in Zone 4, it is a minimal 5 spaces and the parking currently 

using those stalls can be accommodated by parking available in underutilized parking zones closer to 

the Costco entrance or in other areas of the site.  

Given that parking demand under existing conditions is constrained during the weekend midday peak 

period and only a minimal amount of spaces will be reduced (5 spaces out of a total of 944 on site), it 

can be concluded that there will still be sufficient parking on site to accommodate the proposed fuel 

station expansion. It is not anticipated that the fuel station expansion project will significantly increase 

or noticeably change parking demand on the site. However, even if parking demand does increase, 

there is still 6% reserve capacity during the weekend peak half-hour (or approximately 57 spaces) to 

accommodate a fluctuation in parking demand. 

FUEL STATION ACCESS, CIRCULATION, AND QUEUING 

The Concord Costco site has three site access points. One full access exists on Detroit Avenue and two 

stop-controlled accesses, one with access to eastbound Monument Boulevard and to the south of the 

site with access to the Southern Access Road and Detroit Avenue. The fuel station can be accessed by 

any of the site driveways; however, the full movement access on Detroit Avenue is closest to the 

gasoline station entrance.  

Gasoline fuel tanker trucks will access the gasoline station through the full access intersection on 

Detroit Avenue. As illustrated in Figure 17, gasoline trucks truck turning movements are accommodated 

throughout the fuel station area and surrounding parking zones. After refilling the Costco Gasoline 

tanks, trucks will exit the site at the full access at Detroit Avenue. It is also important to note that the 

fuel truck delivery can occur without disruption to the on-going operations of the fuel station.  

                                                        

5
 Institute of Transportation Engineers. ITE Parking Generation Manual, 4

th
 Edition, Washington, D.C., 2010. 
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The fuel pumps can remain operational during fuel delivery and the fuel delivery area has been 

designed to occur at the far north end of the fuel station area out of the way of the fuel pumps and 

queuing area behind the pumps. In addition, the fuel station attendants on site are trained to guide and 

direct the fuel delivery process during fuel station operations and ensure it occurs with minimal 

disruptions to the standard operations of the fuel station. 

Existing Fuel Station Queuing and Operations 

Queuing and operations at the existing Concord Costco Gasoline fuel station were evaluated to 

establish a baseline for comparison with the implementation of the proposed 24-station fueling 

position station upon expansion. Video data was collected at the fuel station during the weekday p.m. 

peak period (4:00 p.m. to 7:00 p.m.) and the weekend midday peak period (11:00 a.m. to 3:00 p.m.) in 

July 2013 to document existing fuel station queues. Maximum, minimum, average, and 95th percentile 

queues were identified for the peak hour observed. The queuing data summary of the peak hour 

observations (based on trip generation) are presented. Although trip generation is highest during the 

peak hour, observations of queuing may be higher for the peak period depending on given 

characteristics, such as pump time and efficiency of queue management, that occur. Table 15 shows 

the existing queues observed at the fuel station. Queue length totals include vehicles at the fuel pumps 

which accommodate 16 vehicles under existing conditions.  

Table 15. Existing Concord Costco Gasoline Facility Queues 

Queue Lengths
1
 

Weekday PM Peak 
Hour Queue

2
 

Weekend Midday Peak 
Hour Queue

2
 

Average Queue 38 46 

Minimum Queue 22 35 

Maximum Queue 54 57 

95th Percentile Queue 51 53 
Notes: 1 Queue length is total number of vehicles waiting in line behind the pumps, as well as vehicles at the pumps (existing conditions include 16 
fuel pumps); 2 Peak hour is summary data only for highest hour of trip generation within the peak period. 

As shown in Table 15, queues at the fuel station were longer during the weekend midday peak period 

than during the weekday p.m. peak period. The average queue during the weekend midday peak hour 

was 8 vehicles longer than during the weekday p.m. peak hour. The maximum queue observed during 

any time period was 57 vehicles which occurred during the weekend midday peak hour. Existing 95th 

percentile queues at the fuel facility during the weekend midday peak hour are illustrated in Figure 

1818.   

Costco does not maintain or identify specific targets for the maximum length of queue they wish to 

maintain for members at their fuel stations. However, they do seek to maintain operations at a level 

where members’ inconvenience and complaints are minimized and where queuing from the fuel station 

does not interfere with circulation and operations in the parking field or in other areas of the site. 

Consistent with this, the main objective of the proposed fuel station expansion is to improve operations 

and reduce queuing and wait times for the existing members who visit the Concord Costco location. 
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Fuel Station Queue Mitigation Strategy 

The Concord Costco gasoline fueling station expansion will increase capacity by 50% with the addition 

of the proposed eight fuel station pumps, raising its total from 16 fuel station pumps to 24. As seen in 

Figure 18, 95th percentile queues during the weekend midday peak hour currently exceed queue 

storage for the gasoline fueling station. With the implementation of the proposed fuel station 

expansion 95th percentile queues are estimated to decrease by approximately 35% and 13% during the 

weekday p.m. and weekend midday peak hours, respectively.  

The estimated reduction in queue lengths is based on existing Costco data. Data collected at other 

Costco Gasoline locations that increased fuel station capacity from 16 existing fuel stations to 20+ fuel 

stations was used. Table 16 shows the expected queue lengths at the Concord Costco gasoline station 

when 24 fueling stations are in place. The 95th percentile queue lengths are estimated to reduce from 

51 to 33 vehicles during the weekday p.m. peak hour and from 53 to 46 vehicles during the weekend 

midday peak hour. Figure 19 illustrates the estimated 95th percentile queue length at the Concord 

Costco gasoline station with the 24 fueling stations in place. As seen in Figure 19, the addition of the 

eight fueling stations is estimated to reduce vehicle queues to within the designated queuing area 

during the weekend midday peak hour. 

Table 16. Estimated Queue Lengths with Proposed Gasoline Expansion 

Queue Lengths
1
 

Weekday PM Peak 
Hour Queue

2
 

Weekend Midday Peak 
Hour Queue

2
 

Average Queue 25 38 

Minimum Queue <24 27 

Maximum Queue 37 49 

95th Percentile Queue 33 46 
Notes: 1 Queue length is total number of vehicles waiting in line behind the pumps, as well as vehicles at the pumps (assuming implementation of 
proposed 24 pump fueling station); 2 Peak hour is summary data only for highest hour of trip generation within the peak period. 
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FINDINGS 

The results of the traffic impact analysis indicate that the proposed Costco Gasoline fuel station 

expansion can be constructed while maintaining acceptable levels of service and safety on the 

surrounding transportation system. The findings of this analysis and our recommendations are 

discussed below. 

Existing Conditions 

 All of the study intersections operate at acceptable levels of service during the weekday 

p.m. and weekend midday peak hours. 

Proposed Development Plan 

 The proposed gasoline fuel station expansion will include eight new fuel pump stations, 

increasing capacity 50% from 16 fuel pump stations to 24 fuel pump stations. 

 The proposed fuel station expansion is estimated to generate 250 daily net new trips during 

the week and 220 daily net new trips during the weekend. 

 20 net new trips (10 inbound, 10 outbound) are projected to occur during the 

weekday p.m. peak and weekend midday peak hours. 

 25 net new trips (15 inbound, 10 outbound) are projected to occur during the 

weekend midday peak hour. 

Existing Plus Project Traffic Conditions 

 All of the study intersections, and site access points, are forecast to operate with acceptable 

levels of service during the weekday p.m. and weekend midday peak hours under existing 

plus project conditions. 

Year 2040 Cumulative Traffic Conditions 

There were two intersections operating below the City of Concord’s level of service standards in the 

cumulative conditions. 

 Monument Boulevard/Costco Driveway  

 Operates at LOS “E” with an average delay of 47.2 seconds per vehicle and a 

volume-to-capacity ratio of 0.83 during the weekend midday peak hour. 
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 Monument Boulevard/Detroit Avenue 

 Operates at LOS “E” with an average delay of 62.0 seconds per vehicle and a 

volume-to-capacity ratio of 0.87 during the weekday p.m. peak hour. 

 Operates at LOS “F” with an average delay of 81.4 seconds per vehicle and a 

volume-to-capacity ratio of 0.97 during the weekend midday peak hour. 

Year 2040 Cumulative Plus Project Traffic Conditions 

 Project-generated traffic does not have a significant impact at any of the study intersections 

during the weekday p.m. and weekend midday peak hour under the cumulative plus project 

scenario. 

 The effects of project-generated traffic at the intersections affected in the cumulative 

scenario are described below:  

 Monument Boulevard/Costco Driveway – Operates at LOS “E” during the weekend 

midday peak hour, project-generated traffic increases delay by 2.9 seconds; 

 Monument Boulevard/Detroit Avenue – Operates at LOS “E” during the weekday 

p.m. peak hour, project-generated traffic increases delay by 0.6 seconds; and 

 Monument Boulevard/Detroit Avenue – Operates at LOS “F” during the weekend 

midday peak hour, project-generated traffic increases delay by 0.3 seconds. 

Intersection Queuing Analysis 

KAI looked at the impact of the project-generated trips on 95th percentile queue lengths at each study 

intersection in both existing and cumulative scenarios. 

 No site driveways exceed their queue storage in the existing, existing plus project, 

cumulative, or cumulative plus project scenarios. 

 Two intersections have 95th percentile queues exceeding their storage length in the existing 

scenario: 

 Monument Boulevard/Detroit Avenue - northbound left queue exceeds storage by 

200 feet and 100 feet during the weekend midday and weekday p.m. peak hours, 

respectively. The eastbound left queue exceeds storage by 175 feet and 150 feet 

during the weekend midday and weekday p.m. peak hours, respectively. 

 Monument Boulevard/Cowell Road - eastbound right queue exceeds storage by 25 

feet during the weekday p.m. peak hour and northbound left southbound left 

queues exceed storage by 25 feet and 35 feet, respectively during the weekday p.m. 

and weekend midday peak hour. 
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 Project-generated traffic analyzed in the existing plus project scenario does not increase 

queue lengths at any of the study in study intersections during the weekday p.m. or 

weekend midday day peak hours.   

 Three intersections have 95th percentile queues exceeding their storage length in the 

cumulative scenario. 

 Monument Boulevard/Oak Grove Road - northbound left queue exceeds storage by 

25 feet during the weekend midday day peak hour. 

 Monument Boulevard/Detroit Avenue - northbound left queue exceeds storage by 

175 feet and 325 feet during the weekday p.m. and weekend midday peak hours, 

respectively. The eastbound left exceeds queues storage by 300 feet during the 

weekday p.m. and weekend midday peak hours. 

 Monument Boulevard/Cowell Road - eastbound right queues exceed storage by 100 

feet and 50 feet during the weekday p.m. peak hour and weekend peak hour 

respectively.  Northbound left and southbound left queues exceed queue storage by 

50 feet and 35 feet, respectively during the weekday p.m. and weekend midday 

peak hour. The westbound left exceeds queue storage by 100 feet during the 

weekday p.m. peak period.  

 Project-generated traffic analyzed in the cumulative plus project scenario does not increase 

queue lengths at any of the study in study intersections during the weekday p.m. or 

weekend midday day peak hours.   

Fuel Station Access, Circulation, and Queues 

 The fuel station is accessible from any of the site driveways; however, the full access 

intersection at Detroit Avenue is closest to the vehicle queues for the fuel station.  

 All gasoline fuel delivery tankers will enter and exit the site at the full access intersection on 

Detroit Avenue.  

 There is sufficient turning movement area throughout the fuel station and parking 

zones to accommodate the maneuverability of fuel delivery tankers. 

 Fuel station can remain in operation while fuel delivery occurs.  

 With the expansion of the fuel station, fuel station queues are estimated to decrease.  

 95th percentile queue lengths are estimated to decrease by approximately 35% 

during the weekday p.m. peak period.  

 95th percentile queue lengths are estimated to decrease by approximately 13% 

during the weekend midday peak hour, resulting in queues contained within the fuel 

station’s queuing area. 
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Description 



LEVEL OF SERVICE OPERATION DESCRIPTION 

Level of service (LOS) is a concept developed to quantify the degree of comfort (including such 
elements as travel time, number of stops, total amount of stopped delay, and impediments caused 
by other vehicles) afforded to drivers as they travel through an intersection or roadway segment. 
Six grades are used to denote the various level of service from “A” to “F”. 

SIGNALIZED INTERSECTIONS 
The six level of service grades are described qualitatively for signalized intersections in Table A-1. 
Additionally, Table A-2 identifies the relationship between level of service and average control delay 
per vehicle. Control delay is defined to include initial deceleration delay, queue move-up time, 
stopped delay, and final acceleration delay. Using this definition, Level of Service “D” is generally 
considered to represent the minimum acceptable design standard. 

Table A-1. Level of Service Definitions (Signalized Intersections) 

Level of 
Service 

 
Average Delay per Vehicle 

A 
Very low average control delay, less than 10 seconds per vehicle. This occurs when progression is 
extremely favorable, and most vehicles arrive during the green phase. Most vehicles do not stop 
at all. Short cycle lengths may also contribute to low delay. 

B 
Average control delay is greater than 10 seconds per vehicle and less than or equal to 20 seconds 
per vehicle. This generally occurs with good progression and/or short cycle lengths. More vehicles 
stop than for a level of service A, causing higher levels of average delay. 

C 

Average control delay is greater than 20 seconds per vehicle and less than or equal to 35 seconds 
per vehicle. These higher delays may result from fair progression and/or longer cycle lengths. 
Individual cycle failures may begin to appear at this level. The number of vehicles stopping is 
significant at this level, although many still pass through the intersection without stopping. 

D 

Average control delay is greater than 35 seconds per vehicle and less than or equal to 55 seconds 
per vehicle. The influence of congestion becomes more noticeable. Longer delays may result from 
some combination of unfavorable progression, long cycle length, or high volume/capacity ratios. 
Many vehicles stop, and the proportion of vehicles not stopping declines. Individual cycle failures 
are noticeable. 

E 

Average control delay is greater than 55 seconds per vehicle and less than or equal to 80 seconds 
per vehicle. This is usually considered to be the limit of acceptable delay. These high delay values 
generally (but not always) indicate poor progression, long cycle lengths, and high 
volume/capacity ratios. Individual cycle failures are frequent occurrences. 

F 

Average control delay is in excess of 80 seconds per vehicle. This is considered to be unacceptable 
to most drivers. This condition often occurs with oversaturation. It may also occur at high 
volume/capacity ratios below 1.0 with many individual cycle failures. Poor progression and long 
cycle lengths may also contribute to such high delay values. 

Note: Most of the material in this appendix is adapted from the Transportation Research Board, Highway Capacity Manual, (2000). 

  



Table A-2. Level of Service Criteria for Signalized Intersections 

Level of Service Average Control Delay per Vehicle (Seconds) 

A <10.0 

B >10 and 20 

C >20 and 35 

D >35 and 55 

E >55 and 80 

F >80 

UNSIGNALIZED INTERSECTIONS 
Unsignalized intersections include two-way stop-controlled (TWSC) and all-way stop-controlled 
(AWSC) intersections. The 2000 Highway Capacity Manual (HCM) provides models for estimating 
control delay at both TWSC and AWSC intersections. A qualitative description of the various service 
levels associated with an unsignalized intersection is presented in Table A-3. A quantitative 
definition of level of service for unsignalized intersections is presented in Table A-4. Using this 
definition, LOS “E” is generally considered to represent the minimum acceptable design standard. 

Table A-3. Level of Service Criteria for Unsignalized Intersections 

Level of 
Service 

 
Average Delay per Vehicle to Minor Street 

A 
• Nearly all drivers find freedom of operation. 
• Very seldom is there more than one vehicle in queue. 

B 
• Some drivers begin to consider the delay an inconvenience. 
• Occasionally there is more than one vehicle in queue. 

C 
• Many times there is more than one vehicle in queue. 
• Most drivers feel restricted, but not objectionably so. 

D 
• Often there is more than one vehicle in queue. 
• Drivers feel quite restricted. 

E 

• Represents a condition in which the demand is near or equal to the probable maximum number of vehicles 
that can be accommodated by the movement.  

• There is almost always more than one vehicle in queue. 
• Drivers find the delays approaching intolerable levels. 

F 

• Forced flow. 
• Represents an intersection failure condition that is caused by geometric and/or operational constraints 

external to the intersection. 



Table A-4. Level of Service Criteria for Unsignalized Intersections 

 

 

 

 

 

It should be noted that the level-of-service criteria for unsignalized intersections are somewhat 
different than the criteria used for signalized intersections. The primary reason for this difference is 
that drivers expect different levels of performance from different kinds of transportation facilities. 
The expectation is that a signalized intersection is designed to carry higher traffic volumes than an 
unsignalized intersection. Additionally, there are a number of driver behavior considerations that 
combine to make delays at signalized intersections less galling than at unsignalized intersections. 
For example, drivers at signalized intersections are able to relax during the red interval, while 
drivers on the minor street approaches to TWSC intersections must remain attentive to the task of 
identifying acceptable gaps and vehicle conflicts. Also, there is often much more variability in the 
amount of delay experienced by individual drivers at unsignalized intersections than signalized 
intersections. For these reasons, it is considered that the control delay threshold for any given level 
of service is less for an unsignalized intersection than for a signalized intersection. While overall 
intersection level of service is calculated for AWSC intersections, level of service is only calculated 
for the minor approaches and the major street left turn movements at TWSC intersections. No 
delay is assumed to the major street through movements. For TWSC intersections, the overall 
intersection level of service remains undefined: level of service is only calculated for each minor 
street lane. 

In the performance evaluation of TWSC intersections, it is important to consider other measures of 
effectiveness (MOEs) in addition to delay, such as v/c ratios for individual movements, average 
queue lengths, and 95th-percentile queue lengths. By focusing on a single MOE for the worst 
movement only, such as delay for the minor-street left turn, users may make inappropriate traffic 
control decisions. The potential for making such inappropriate decisions is likely to be particularly 
pronounced when the HCM level of service thresholds are adopted as legal standards, as is the case 
in many public agencies.  

 

Level of Service Average Control Delay per Vehicle (Seconds) 

A <10.0 

B >10.0 and ≤ 15.0 

C >15.0 and ≤ 25.0 

D >25.0 and ≤ 35.0 

E >35.0 and ≤ 50.0 

F >50.0 



 

 

Appendix B Existing Conditions Traffic 
Operation Worksheets 
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 914 193 219 802 134 244 328 211 168 347 117
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Lane Util. Factor 0.97 0.91 1.00 0.97 0.91 0.97 0.95 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 0.95 1.00 1.00 1.00 0.99 1.00 1.00 0.95
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3502 5036 1491 3502 4954 3433 3305 3433 3574 1513
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3502 5036 1491 3502 4954 3433 3305 3433 3574 1513
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 138 972 205 233 853 143 260 349 224 179 369 124
RTOR Reduction (vph) 0 0 103 0 14 0 0 92 0 0 0 105
Lane Group Flow (vph) 138 972 102 233 982 0 260 481 0 179 369 19
Confl. Peds. (#/hr) 15 30 30 15 38 19 19 38
Heavy Vehicles (%) 0% 3% 3% 0% 2% 2% 2% 1% 2% 2% 1% 1%
Turn Type Prot NA Perm Prot NA Prot NA Prot NA Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 4
Actuated Green, G (s) 17.9 64.5 64.5 13.0 59.6 14.2 23.3 11.2 20.3 20.3
Effective Green, g (s) 17.9 64.5 64.5 13.0 59.6 14.2 23.3 11.2 20.3 20.3
Actuated g/C Ratio 0.14 0.50 0.50 0.10 0.46 0.11 0.18 0.09 0.16 0.16
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 482 2498 739 350 2271 374 592 295 558 236
v/s Ratio Prot 0.04 c0.19 c0.07 c0.20 c0.08 c0.15 0.05 0.10
v/s Ratio Perm 0.07 0.01
v/c Ratio 0.29 0.39 0.14 0.67 0.43 0.70 0.81 0.61 0.66 0.08
Uniform Delay, d1 50.3 20.4 17.7 56.4 23.8 55.8 51.3 57.3 51.6 46.9
Progression Factor 1.00 1.00 1.00 0.78 0.85 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.5 0.4 2.9 0.5 4.5 7.9 2.4 2.3 0.1
Delay (s) 50.4 20.9 18.1 47.2 20.7 60.3 59.2 59.7 53.9 46.9
Level of Service D C B D C E E E D D
Approach Delay (s) 23.6 25.7 59.5 54.2
Approach LOS C C E D

Intersection Summary
HCM 2000 Control Delay 36.7 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 130.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 77.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1145 278 0 1146 0 168
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 1301 316 0 1302 0 191
Pedestrians 23
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 2
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.88
vC, conflicting volume 1640 1916 615
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1640 1564 615
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 56
cM capacity (veh/h) 393 90 431

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 520 520 576 434 434 434 191
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 316 0 0 0 191
cSH 1700 1700 1700 1700 1700 1700 431
Volume to Capacity 0.31 0.31 0.34 0.26 0.26 0.26 0.44
Queue Length 95th (ft) 0 0 0 0 0 0 56
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 19.8
Lane LOS C
Approach Delay (s) 0.0 0.0 19.8
Approach LOS C

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 45.8% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 290 903 120 358 657 42 316 154 417 55 170 173
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.91 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.98 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 5005 3467 3539 1681 1750 1569 1770 1900 1556
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.98 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1787 5005 3467 3539 1681 1750 1569 1770 1900 1556
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 315 982 130 389 714 46 343 167 453 60 185 188
RTOR Reduction (vph) 0 11 0 0 3 0 0 0 368 0 0 127
Lane Group Flow (vph) 315 1101 0 389 757 0 250 260 85 60 185 61
Confl. Peds. (#/hr) 1 16 16 1 10 5 5 10
Confl. Bikes (#/hr) 1
Heavy Vehicles (%) 1% 1% 4% 1% 1% 0% 2% 1% 1% 2% 0% 1%
Turn Type Prot NA Prot NA Split NA Perm Split NA Perm
Protected Phases 5 2 1 6 3 3 4 4
Permitted Phases 3 4
Actuated Green, G (s) 30.7 49.3 20.9 39.5 24.5 24.5 24.5 17.3 17.3 17.3
Effective Green, g (s) 30.7 49.3 20.9 39.5 24.5 24.5 24.5 17.3 17.3 17.3
Actuated g/C Ratio 0.24 0.38 0.16 0.30 0.19 0.19 0.19 0.13 0.13 0.13
Clearance Time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 422 1898 557 1075 316 329 295 235 252 207
v/s Ratio Prot c0.18 0.22 0.11 c0.21 c0.15 0.15 0.03 c0.10
v/s Ratio Perm 0.05 0.04
v/c Ratio 0.75 0.58 0.70 0.70 0.79 0.79 0.29 0.26 0.73 0.29
Uniform Delay, d1 46.0 32.1 51.6 40.1 50.3 50.3 45.3 50.6 54.1 50.8
Progression Factor 1.08 1.23 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 6.0 1.3 3.1 3.9 11.9 11.4 0.2 0.2 9.2 0.3
Delay (s) 55.8 40.6 54.7 43.9 62.2 61.7 45.5 50.8 63.3 51.1
Level of Service E D D D E E D D E D
Approach Delay (s) 44.0 47.6 54.2 56.3
Approach LOS D D D E

Intersection Summary
HCM 2000 Control Delay 48.8 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 130.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 78.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 317 2 47 2 0 5 53 565 0 2 389 257
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frpb, ped/bikes 1.00 0.99 0.98 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 0.92 1.00
Frt 1.00 0.85 0.90 1.00 1.00 1.00 0.94
Flt Protected 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1792 1560 1654 1770 3505 1664 3275
Flt Permitted 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1792 1560 1654 1770 3505 1664 3275
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 345 2 51 2 0 5 58 614 0 2 423 279
RTOR Reduction (vph) 0 0 36 0 7 0 0 0 0 0 74 0
Lane Group Flow (vph) 0 347 15 0 0 0 58 614 0 2 628 0
Confl. Peds. (#/hr) 1 3 3 1 11 6 6 11
Heavy Vehicles (%) 1% 0% 2% 0% 0% 0% 2% 3% 0% 0% 3% 1%
Turn Type Split NA Perm Split NA Prot NA Prot NA
Protected Phases 3 3 4 4 1 6 5 2
Permitted Phases 3
Actuated Green, G (s) 18.9 18.9 0.7 4.2 26.4 0.7 22.9
Effective Green, g (s) 18.9 18.9 0.7 4.2 26.4 0.7 22.9
Actuated g/C Ratio 0.29 0.29 0.01 0.06 0.41 0.01 0.35
Clearance Time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Vehicle Extension (s) 2.0 2.0 2.0 2.0 3.0 2.0 3.0
Lane Grp Cap (vph) 523 455 17 114 1430 18 1159
v/s Ratio Prot c0.19 c0.00 c0.03 c0.18 0.00 c0.19
v/s Ratio Perm 0.01
v/c Ratio 0.66 0.03 0.00 0.51 0.43 0.11 0.54
Uniform Delay, d1 20.1 16.4 31.7 29.3 13.7 31.7 16.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.5 0.0 0.0 1.3 0.2 1.0 0.5
Delay (s) 22.6 16.4 31.7 30.6 14.0 32.7 17.2
Level of Service C B C C B C B
Approach Delay (s) 21.8 31.7 15.4 17.3
Approach LOS C C B B

Intersection Summary
HCM 2000 Control Delay 17.6 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 64.7 Sum of lost time (s) 18.0
Intersection Capacity Utilization 60.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis Concord Costco Gasoline Expansion
5: Detroit Ave & Southern Access Rd Existing Weekday PM Peak Hour

Kittelson & Associates, Inc. Synchro 8 -  Report
2/2/2015 Page 5

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 86 80 63 532 403 35
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 97 90 71 598 453 39
Pedestrians 11 2 3
Lane Width (ft) 12.0 12.0 12.0
Walking Speed (ft/s) 4.0 4.0 4.0
Percent Blockage 1 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.83 0.83 0.83
vC, conflicting volume 907 466 503
vC1, stage 1 conf vol 464
vC2, stage 2 conf vol 443
vCu, unblocked vol 788 257 302
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 80 85 93
cM capacity (veh/h) 475 616 1047

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 187 71 299 299 453 39
Volume Left 97 71 0 0 0 0
Volume Right 90 0 0 0 0 39
cSH 534 1047 1700 1700 1700 1700
Volume to Capacity 0.35 0.07 0.18 0.18 0.27 0.02
Queue Length 95th (ft) 39 5 0 0 0 0
Control Delay (s) 15.3 8.7 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 15.3 0.9 0.0
Approach LOS C

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 44.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 1 15 14 84 151 3
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 1 17 16 94 170 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 110 82 63
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 110 82 63
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 82 100
cM capacity (veh/h) 1493 924 1007

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 18 110 173
Volume Left 1 0 170
Volume Right 0 94 3
cSH 1493 1700 926
Volume to Capacity 0.00 0.06 0.19
Queue Length 95th (ft) 0 0 17
Control Delay (s) 0.5 0.0 9.8
Lane LOS A A
Approach Delay (s) 0.5 0.0 9.8
Approach LOS A

Intersection Summary
Average Delay 5.6
Intersection Capacity Utilization 21.1% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 56 745 387 552 590 57 290 78 259 40 56 16
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 0.99 1.00 1.00 0.97 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1599 3467 3477 1715 1747 1572 1805 1900 1587
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1599 3467 3477 1715 1747 1572 1805 1900 1587
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 61 810 421 600 641 62 315 85 282 43 61 17
RTOR Reduction (vph) 0 0 189 0 4 0 0 0 236 0 0 16
Lane Group Flow (vph) 61 810 232 600 699 0 198 202 46 43 61 1
Confl. Peds. (#/hr) 17 17 5 12 12 5
Confl. Bikes (#/hr) 1
Heavy Vehicles (%) 0% 2% 1% 1% 2% 0% 0% 1% 0% 0% 0% 0%
Turn Type Prot NA Perm Prot NA Split NA Perm Split NA Perm
Protected Phases 1 6 5 2 4 4 3 3
Permitted Phases 6 4 3
Actuated Green, G (s) 7.4 43.0 43.0 23.9 59.5 18.1 18.1 18.1 7.0 7.0 7.0
Effective Green, g (s) 7.4 43.0 43.0 23.9 59.5 18.1 18.1 18.1 7.0 7.0 7.0
Actuated g/C Ratio 0.07 0.39 0.39 0.22 0.54 0.16 0.16 0.16 0.06 0.06 0.06
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 121 1383 625 753 1880 282 287 258 114 120 100
v/s Ratio Prot 0.03 c0.23 c0.17 0.20 0.12 c0.12 0.02 c0.03
v/s Ratio Perm 0.14 0.03 0.00
v/c Ratio 0.50 0.59 0.37 0.80 0.37 0.70 0.70 0.18 0.38 0.51 0.01
Uniform Delay, d1 49.5 26.5 23.9 40.8 14.5 43.4 43.4 39.6 49.4 49.8 48.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 1.8 1.7 5.5 0.6 6.3 6.3 0.1 0.8 1.2 0.0
Delay (s) 50.7 28.3 25.5 46.2 15.1 49.7 49.7 39.7 50.2 51.1 48.3
Level of Service D C C D B D D D D D D
Approach Delay (s) 28.5 29.4 45.6 50.4
Approach LOS C C D D

Intersection Summary
HCM 2000 Control Delay 33.0 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 66.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 145 1039 213 181 1056 143 287 297 196 216 259 132
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Lane Util. Factor 0.97 0.91 1.00 0.97 0.91 0.97 0.95 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 0.95 1.00 1.00 1.00 0.99 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3467 5085 1541 3502 4977 3467 3320 3467 3574 1520
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3467 5085 1541 3502 4977 3467 3320 3467 3574 1520
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 153 1094 224 191 1112 151 302 313 206 227 273 139
RTOR Reduction (vph) 0 0 110 0 10 0 0 107 0 0 0 120
Lane Group Flow (vph) 153 1094 114 191 1253 0 302 412 0 227 273 19
Confl. Peds. (#/hr) 5 28 28 5 18 16 16 18
Confl. Bikes (#/hr) 1 1
Heavy Vehicles (%) 1% 2% 0% 0% 2% 3% 1% 1% 1% 1% 1% 3%
Turn Type Prot NA Perm Prot NA Prot NA Prot NA Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 4
Actuated Green, G (s) 12.7 63.4 63.4 11.2 61.9 15.1 19.9 12.5 17.3 17.3
Effective Green, g (s) 12.7 63.4 63.4 11.2 61.9 15.1 19.9 12.5 17.3 17.3
Actuated g/C Ratio 0.10 0.51 0.51 0.09 0.50 0.12 0.16 0.10 0.14 0.14
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 352 2579 781 313 2464 418 528 346 494 210
v/s Ratio Prot 0.04 c0.22 c0.05 c0.25 c0.09 c0.12 0.07 0.08
v/s Ratio Perm 0.07 0.01
v/c Ratio 0.43 0.42 0.15 0.61 0.51 0.72 0.78 0.66 0.55 0.09
Uniform Delay, d1 52.8 19.3 16.4 54.8 21.3 52.9 50.5 54.2 50.2 47.0
Progression Factor 1.00 1.00 1.00 1.44 0.66 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.5 0.4 1.5 0.5 5.2 6.8 3.4 0.8 0.1
Delay (s) 53.1 19.9 16.8 80.2 14.5 58.1 57.3 57.6 51.0 47.1
Level of Service D B B F B E E E D D
Approach Delay (s) 22.8 23.2 57.6 52.5
Approach LOS C C E D

Intersection Summary
HCM 2000 Control Delay 33.8 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 125.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 72.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1024 422 0 1348 0 248
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 1101 454 0 1449 0 267
Pedestrians 1 11
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 1
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.86
vC, conflicting volume 1566 1822 606
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1566 1392 606
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 39
cM capacity (veh/h) 423 116 441

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 440 440 674 483 483 483 267
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 454 0 0 0 267
cSH 1700 1700 1700 1700 1700 1700 441
Volume to Capacity 0.26 0.26 0.40 0.28 0.28 0.28 0.61
Queue Length 95th (ft) 0 0 0 0 0 0 97
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 24.9
Lane LOS C
Approach Delay (s) 0.0 0.0 24.9
Approach LOS C

Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 51.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 306 792 174 348 699 50 469 148 326 46 173 180
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.91 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4977 3433 3527 1698 1741 1572 1687 1863 1519
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4977 3433 3527 1698 1741 1572 1687 1863 1519
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 322 834 183 366 736 53 494 156 343 48 182 189
RTOR Reduction (vph) 0 24 0 0 4 0 0 0 268 0 0 137
Lane Group Flow (vph) 322 993 0 366 785 0 321 329 75 48 182 52
Confl. Peds. (#/hr) 6 6 15 2 2 15
Confl. Bikes (#/hr) 1 2
Heavy Vehicles (%) 2% 1% 2% 2% 1% 2% 1% 1% 1% 7% 2% 3%
Turn Type Prot NA Prot NA Split NA Perm Split NA Perm
Protected Phases 5 2 1 6 3 3 4 4
Permitted Phases 3 4
Actuated Green, G (s) 31.4 42.9 20.1 31.6 27.2 27.2 27.2 16.8 16.8 16.8
Effective Green, g (s) 31.4 42.9 20.1 31.6 27.2 27.2 27.2 16.8 16.8 16.8
Actuated g/C Ratio 0.25 0.34 0.16 0.25 0.22 0.22 0.22 0.13 0.13 0.13
Clearance Time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 444 1708 552 891 369 378 342 226 250 204
v/s Ratio Prot c0.18 0.20 0.11 c0.22 c0.19 0.19 0.03 c0.10
v/s Ratio Perm 0.05 0.03
v/c Ratio 0.73 0.58 0.66 0.88 0.87 0.87 0.22 0.21 0.73 0.26
Uniform Delay, d1 42.9 33.7 49.3 44.9 47.2 47.2 40.2 48.2 51.9 48.5
Progression Factor 0.87 0.82 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.7 1.4 2.3 12.2 18.5 18.6 0.1 0.2 8.6 0.2
Delay (s) 42.2 28.8 51.6 57.1 65.7 65.8 40.3 48.4 60.5 48.7
Level of Service D C D E E E D D E D
Approach Delay (s) 32.1 55.4 57.0 53.8
Approach LOS C E E D

Intersection Summary
HCM 2000 Control Delay 47.6 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 125.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 85.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 426 1 58 2 1 6 66 511 2 16 355 324
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frpb, ped/bikes 1.00 0.98 1.00 1.00 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 0.91 1.00 1.00 1.00 0.93
Flt Protected 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1792 1582 1708 1805 3537 1703 3218
Flt Permitted 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1792 1582 1708 1805 3537 1703 3218
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 453 1 62 2 1 6 70 544 2 17 378 345
RTOR Reduction (vph) 0 0 41 0 6 0 0 0 0 0 124 0
Lane Group Flow (vph) 0 454 21 0 3 0 70 546 0 17 599 0
Confl. Peds. (#/hr) 8 8 6 3 3 6
Confl. Bikes (#/hr) 1 2
Heavy Vehicles (%) 1% 0% 0% 0% 0% 0% 0% 2% 0% 6% 4% 1%
Turn Type Split NA Perm Split NA Prot NA Prot NA
Protected Phases 3 3 4 4 1 6 5 2
Permitted Phases 3
Actuated Green, G (s) 24.8 24.8 0.7 6.2 28.5 1.8 24.1
Effective Green, g (s) 24.8 24.8 0.7 6.2 28.5 1.8 24.1
Actuated g/C Ratio 0.34 0.34 0.01 0.08 0.39 0.02 0.33
Clearance Time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Vehicle Extension (s) 2.0 2.0 2.0 2.0 3.0 2.0 3.0
Lane Grp Cap (vph) 602 531 16 151 1365 41 1050
v/s Ratio Prot c0.25 c0.00 c0.04 0.15 0.01 c0.19
v/s Ratio Perm 0.01
v/c Ratio 0.75 0.04 0.19 0.46 0.40 0.41 0.57
Uniform Delay, d1 21.8 16.5 36.3 32.2 16.4 35.5 20.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.7 0.0 2.1 0.8 0.2 2.5 0.8
Delay (s) 26.5 16.5 38.4 33.0 16.6 37.9 21.3
Level of Service C B D C B D C
Approach Delay (s) 25.3 38.4 18.5 21.7
Approach LOS C D B C

Intersection Summary
HCM 2000 Control Delay 21.7 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 73.8 Sum of lost time (s) 18.0
Intersection Capacity Utilization 67.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 152 92 76 427 345 70
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94
Hourly flow rate (vph) 162 98 81 454 367 74
Pedestrians 2 1
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.87 0.87 0.87
vC, conflicting volume 758 370 443
vC1, stage 1 conf vol 369
vC2, stage 2 conf vol 389
vCu, unblocked vol 646 199 284
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 70 86 93
cM capacity (veh/h) 532 706 1119

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 260 81 227 227 367 74
Volume Left 162 81 0 0 0 0
Volume Right 98 0 0 0 0 74
cSH 586 1119 1700 1700 1700 1700
Volume to Capacity 0.44 0.07 0.13 0.13 0.22 0.04
Queue Length 95th (ft) 56 6 0 0 0 0
Control Delay (s) 15.9 8.5 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 15.9 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 3.9
Intersection Capacity Utilization 46.5% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 2 2 144 242 2
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 0 2 2 171 288 2
Pedestrians 2
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 0
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 174 92 88
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 174 92 88
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 68 100
cM capacity (veh/h) 1415 911 976

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 2 174 290
Volume Left 0 0 288
Volume Right 0 171 2
cSH 1415 1700 911
Volume to Capacity 0.00 0.10 0.32
Queue Length 95th (ft) 0 0 34
Control Delay (s) 0.0 0.0 10.8
Lane LOS B
Approach Delay (s) 0.0 0.0 10.8
Approach LOS B

Intersection Summary
Average Delay 6.7
Intersection Capacity Utilization 29.2% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 51 708 309 353 533 37 350 34 397 38 39 31
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 0.99 1.00 1.00 1.00 1.00 0.97 1.00 1.00 0.95
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 0.96 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3574 1594 3467 3526 1698 1719 1555 1719 1900 1531
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 0.96 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3574 1594 3467 3526 1698 1719 1555 1719 1900 1531
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 53 738 322 368 555 39 365 35 414 40 41 32
RTOR Reduction (vph) 0 0 140 0 3 0 0 0 343 0 0 30
Lane Group Flow (vph) 53 738 182 368 591 0 201 199 71 40 41 2
Confl. Peds. (#/hr) 16 1 1 16 37 12 12 37
Confl. Bikes (#/hr) 2 1
Heavy Vehicles (%) 0% 1% 0% 1% 1% 0% 1% 0% 1% 5% 0% 0%
Turn Type Prot NA Perm Prot NA Split NA Perm Split NA Perm
Protected Phases 1 6 5 2 4 4 3 3
Permitted Phases 6 4 3
Actuated Green, G (s) 7.2 51.0 51.0 15.9 59.7 18.9 18.9 18.9 6.2 6.2 6.2
Effective Green, g (s) 7.2 51.0 51.0 15.9 59.7 18.9 18.9 18.9 6.2 6.2 6.2
Actuated g/C Ratio 0.07 0.46 0.46 0.14 0.54 0.17 0.17 0.17 0.06 0.06 0.06
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 118 1657 739 501 1913 291 295 267 96 107 86
v/s Ratio Prot 0.03 c0.21 c0.11 0.17 c0.12 0.12 c0.02 0.02
v/s Ratio Perm 0.11 0.05 0.00
v/c Ratio 0.45 0.45 0.25 0.73 0.31 0.69 0.67 0.27 0.42 0.38 0.02
Uniform Delay, d1 49.5 19.9 17.9 45.0 13.8 42.8 42.7 39.5 50.2 50.1 49.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.0 0.9 0.8 4.8 0.4 5.6 4.7 0.2 1.1 0.8 0.0
Delay (s) 50.5 20.8 18.7 49.8 14.2 48.4 47.4 39.7 51.2 50.9 49.1
Level of Service D C B D B D D D D D D
Approach Delay (s) 21.6 27.8 43.7 50.5
Approach LOS C C D D

Intersection Summary
HCM 2000 Control Delay 30.7 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 79.1% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 917 193 220 805 135 244 328 212 169 347 117
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Lane Util. Factor 0.97 0.91 1.00 0.97 0.91 0.97 0.95 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 0.95 1.00 1.00 1.00 0.99 1.00 1.00 0.95
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3502 5036 1491 3502 4954 3433 3304 3433 3574 1513
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3502 5036 1491 3502 4954 3433 3304 3433 3574 1513
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 138 976 205 234 856 144 260 349 226 180 369 124
RTOR Reduction (vph) 0 0 103 0 14 0 0 94 0 0 0 105
Lane Group Flow (vph) 138 976 102 234 986 0 260 481 0 180 369 19
Confl. Peds. (#/hr) 30 15 19 38
Heavy Vehicles (%) 0% 3% 3% 0% 2% 2% 2% 1% 2% 2% 1% 1%
Turn Type Prot NA Perm Prot NA Prot NA Prot NA Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 4
Actuated Green, G (s) 17.9 64.5 64.5 13.0 59.6 14.2 23.3 11.2 20.3 20.3
Effective Green, g (s) 17.9 64.5 64.5 13.0 59.6 14.2 23.3 11.2 20.3 20.3
Actuated g/C Ratio 0.14 0.50 0.50 0.10 0.46 0.11 0.18 0.09 0.16 0.16
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 482 2498 739 350 2271 374 592 295 558 236
v/s Ratio Prot 0.04 c0.19 c0.07 c0.20 c0.08 c0.15 0.05 0.10
v/s Ratio Perm 0.07 0.01
v/c Ratio 0.29 0.39 0.14 0.67 0.43 0.70 0.81 0.61 0.66 0.08
Uniform Delay, d1 50.3 20.5 17.7 56.4 23.8 55.8 51.2 57.3 51.6 46.9
Progression Factor 1.00 1.00 1.00 0.79 0.84 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.5 0.4 2.9 0.5 4.5 7.9 2.6 2.3 0.1
Delay (s) 50.4 20.9 18.1 47.2 20.5 60.3 59.1 59.9 53.9 46.9
Level of Service D C B D C E E E D D
Approach Delay (s) 23.6 25.5 59.5 54.2
Approach LOS C C E D

Intersection Summary
HCM 2000 Control Delay 36.6 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 130.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 77.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1140 288 0 1151 0 173
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 1295 327 0 1308 0 197
Pedestrians 23
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 2
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.88
vC, conflicting volume 1646 1918 618
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1646 1562 618
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 54
cM capacity (veh/h) 391 90 428

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 518 518 586 436 436 436 197
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 327 0 0 0 197
cSH 1700 1700 1700 1700 1700 1700 428
Volume to Capacity 0.30 0.30 0.34 0.26 0.26 0.26 0.46
Queue Length 95th (ft) 0 0 0 0 0 0 59
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 20.3
Lane LOS C
Approach Delay (s) 0.0 0.0 20.3
Approach LOS C

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 46.3% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 290 903 120 361 657 42 321 156 420 55 171 173
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.91 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.98 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 5005 3467 3539 1681 1750 1569 1770 1900 1556
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.98 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1787 5005 3467 3539 1681 1750 1569 1770 1900 1556
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 315 982 130 392 714 46 349 170 457 60 186 188
RTOR Reduction (vph) 0 11 0 0 4 0 0 0 369 0 0 127
Lane Group Flow (vph) 315 1101 0 392 757 0 255 264 88 60 186 61
Confl. Peds. (#/hr) 16 1 5 10
Confl. Bikes (#/hr) 1
Heavy Vehicles (%) 1% 1% 4% 1% 1% 0% 2% 1% 1% 2% 0% 1%
Turn Type Prot NA Prot NA Split NA Perm Split NA Perm
Protected Phases 5 2 1 6 3 3 4 4
Permitted Phases 3 4
Actuated Green, G (s) 30.8 48.8 21.0 39.0 24.9 24.9 24.9 17.3 17.3 17.3
Effective Green, g (s) 30.8 48.8 21.0 39.0 24.9 24.9 24.9 17.3 17.3 17.3
Actuated g/C Ratio 0.24 0.38 0.16 0.30 0.19 0.19 0.19 0.13 0.13 0.13
Clearance Time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 423 1878 560 1061 321 335 300 235 252 207
v/s Ratio Prot c0.18 0.22 0.11 c0.21 c0.15 0.15 0.03 c0.10
v/s Ratio Perm 0.06 0.04
v/c Ratio 0.74 0.59 0.70 0.71 0.79 0.79 0.29 0.26 0.74 0.30
Uniform Delay, d1 46.0 32.5 51.5 40.5 50.1 50.0 45.0 50.6 54.2 50.9
Progression Factor 1.09 1.22 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.9 1.3 3.1 4.1 11.9 10.8 0.2 0.2 9.3 0.3
Delay (s) 55.8 41.1 54.6 44.6 62.0 60.8 45.2 50.8 63.5 51.2
Level of Service E D D D E E D D E D
Approach Delay (s) 44.3 48.0 53.8 56.4
Approach LOS D D D E

Intersection Summary
HCM 2000 Control Delay 49.0 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 130.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 78.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 326 2 48 2 0 5 54 565 0 2 389 261
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frpb, ped/bikes 1.00 0.99 0.98 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 0.90 1.00 1.00 1.00 0.94
Flt Protected 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1792 1560 1654 1770 3505 1805 3272
Flt Permitted 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1792 1560 1654 1770 3505 1805 3272
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 354 2 52 2 0 5 59 614 0 2 423 284
RTOR Reduction (vph) 0 0 37 0 7 0 0 0 0 0 77 0
Lane Group Flow (vph) 0 356 15 0 0 0 59 614 0 2 630 0
Confl. Peds. (#/hr) 3 1 6 11
Heavy Vehicles (%) 1% 0% 2% 0% 0% 0% 2% 3% 0% 0% 3% 1%
Turn Type Split NA Perm Split NA Prot NA Prot NA
Protected Phases 3 3 4 4 1 6 5 2
Permitted Phases 3
Actuated Green, G (s) 19.6 19.6 0.7 5.8 29.3 0.7 24.2
Effective Green, g (s) 19.6 19.6 0.7 5.8 29.3 0.7 24.2
Actuated g/C Ratio 0.29 0.29 0.01 0.08 0.43 0.01 0.35
Clearance Time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Vehicle Extension (s) 2.0 2.0 2.0 2.0 3.0 2.0 3.0
Lane Grp Cap (vph) 514 447 16 150 1503 18 1159
v/s Ratio Prot c0.20 c0.00 c0.03 0.18 0.00 c0.19
v/s Ratio Perm 0.01
v/c Ratio 0.69 0.03 0.00 0.39 0.41 0.11 0.54
Uniform Delay, d1 21.7 17.5 33.5 29.6 13.5 33.5 17.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.3 0.0 0.0 0.6 0.2 1.0 0.5
Delay (s) 24.9 17.5 33.5 30.2 13.7 34.5 18.2
Level of Service C B C C B C B
Approach Delay (s) 24.0 33.5 15.1 18.2
Approach LOS C C B B

Intersection Summary
HCM 2000 Control Delay 18.4 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 68.3 Sum of lost time (s) 18.0
Intersection Capacity Utilization 60.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 86 80 63 533 404 35
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 97 90 71 599 454 39
Pedestrians 11 2 3
Lane Width (ft) 12.0 12.0 12.0
Walking Speed (ft/s) 4.0 4.0 4.0
Percent Blockage 1 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.83 0.83 0.83
vC, conflicting volume 909 467 504
vC1, stage 1 conf vol 465
vC2, stage 2 conf vol 444
vCu, unblocked vol 788 255 300
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 80 85 93
cM capacity (veh/h) 475 616 1046

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 187 71 299 299 454 39
Volume Left 97 71 0 0 0 0
Volume Right 90 0 0 0 0 39
cSH 534 1046 1700 1700 1700 1700
Volume to Capacity 0.35 0.07 0.18 0.18 0.27 0.02
Queue Length 95th (ft) 39 5 0 0 0 0
Control Delay (s) 15.3 8.7 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 15.3 0.9 0.0
Approach LOS C

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 44.8% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 1 15 14 84 151 3
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 1 17 16 94 170 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 110 82 63
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 110 82 63
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 82 100
cM capacity (veh/h) 1493 924 1007

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 18 110 173
Volume Left 1 0 170
Volume Right 0 94 3
cSH 1493 1700 926
Volume to Capacity 0.00 0.06 0.19
Queue Length 95th (ft) 0 0 17
Control Delay (s) 0.5 0.0 9.8
Lane LOS A A
Approach Delay (s) 0.5 0.0 9.8
Approach LOS A

Intersection Summary
Average Delay 5.6
Intersection Capacity Utilization 21.1% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 56 747 388 552 592 57 291 78 259 40 56 16
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 0.99 1.00 1.00 0.97 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1599 3467 3477 1715 1747 1572 1805 1900 1587
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1599 3467 3477 1715 1747 1572 1805 1900 1587
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 61 812 422 600 643 62 316 85 282 43 61 17
RTOR Reduction (vph) 0 0 190 0 4 0 0 0 235 0 0 16
Lane Group Flow (vph) 61 812 232 600 701 0 199 202 47 43 61 1
Confl. Peds. (#/hr) 17 12 5
Confl. Bikes (#/hr) 1
Heavy Vehicles (%) 0% 2% 1% 1% 2% 0% 0% 1% 0% 0% 0% 0%
Turn Type Prot NA Perm Prot NA Split NA Perm Split NA Perm
Protected Phases 1 6 5 2 4 4 3 3
Permitted Phases 6 4 3
Actuated Green, G (s) 7.4 42.9 42.9 23.9 59.4 18.2 18.2 18.2 7.0 7.0 7.0
Effective Green, g (s) 7.4 42.9 42.9 23.9 59.4 18.2 18.2 18.2 7.0 7.0 7.0
Actuated g/C Ratio 0.07 0.39 0.39 0.22 0.54 0.17 0.17 0.17 0.06 0.06 0.06
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 121 1380 623 753 1877 283 289 260 114 120 100
v/s Ratio Prot 0.03 c0.23 c0.17 0.20 c0.12 0.12 0.02 c0.03
v/s Ratio Perm 0.15 0.03 0.00
v/c Ratio 0.50 0.59 0.37 0.80 0.37 0.70 0.70 0.18 0.38 0.51 0.01
Uniform Delay, d1 49.5 26.6 23.9 40.8 14.6 43.3 43.3 39.5 49.4 49.8 48.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 1.8 1.7 5.5 0.6 6.3 5.9 0.1 0.8 1.2 0.0
Delay (s) 50.7 28.4 25.7 46.2 15.1 49.7 49.2 39.6 50.2 51.1 48.3
Level of Service D C C D B D D D D D D
Approach Delay (s) 28.6 29.4 45.4 50.4
Approach LOS C C D D

Intersection Summary
HCM 2000 Control Delay 33.0 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 66.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 145 1044 213 182 1059 144 287 297 197 217 259 132
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Lane Util. Factor 0.97 0.91 1.00 0.97 0.91 0.97 0.95 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 0.95 1.00 1.00 1.00 0.99 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3467 5085 1541 3502 4977 3467 3319 3467 3574 1520
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3467 5085 1541 3502 4977 3467 3319 3467 3574 1520
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 153 1099 224 192 1115 152 302 313 207 228 273 139
RTOR Reduction (vph) 0 0 111 0 10 0 0 108 0 0 0 120
Lane Group Flow (vph) 153 1099 113 192 1257 0 302 412 0 228 273 19
Confl. Peds. (#/hr) 28 5 16 18
Confl. Bikes (#/hr) 1 1
Heavy Vehicles (%) 1% 2% 0% 0% 2% 3% 1% 1% 1% 1% 1% 3%
Turn Type Prot NA Perm Prot NA Prot NA Prot NA Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 4
Actuated Green, G (s) 12.8 63.3 63.3 11.2 61.7 15.1 19.9 12.6 17.4 17.4
Effective Green, g (s) 12.8 63.3 63.3 11.2 61.7 15.1 19.9 12.6 17.4 17.4
Actuated g/C Ratio 0.10 0.51 0.51 0.09 0.49 0.12 0.16 0.10 0.14 0.14
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 355 2575 780 313 2456 418 528 349 497 211
v/s Ratio Prot 0.04 c0.22 c0.05 c0.25 c0.09 c0.12 0.07 0.08
v/s Ratio Perm 0.07 0.01
v/c Ratio 0.43 0.43 0.15 0.61 0.51 0.72 0.78 0.65 0.55 0.09
Uniform Delay, d1 52.7 19.4 16.4 54.8 21.4 52.9 50.5 54.1 50.1 46.9
Progression Factor 1.00 1.00 1.00 1.44 0.66 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.5 0.4 1.5 0.5 5.2 6.8 3.3 0.7 0.1
Delay (s) 53.0 19.9 16.8 80.2 14.7 58.1 57.3 57.4 50.8 47.0
Level of Service D B B F B E E E D D
Approach Delay (s) 22.9 23.3 57.6 52.3
Approach LOS C C E D

Intersection Summary
HCM 2000 Control Delay 33.8 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 125.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 72.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1019 435 0 1353 0 253
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 1096 468 0 1455 0 272
Pedestrians 1 11
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 1
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.86
vC, conflicting volume 1574 1826 611
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1574 1395 611
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 38
cM capacity (veh/h) 420 115 437

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 438 438 687 485 485 485 272
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 468 0 0 0 272
cSH 1700 1700 1700 1700 1700 1700 437
Volume to Capacity 0.26 0.26 0.40 0.29 0.29 0.29 0.62
Queue Length 95th (ft) 0 0 0 0 0 0 103
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 25.9
Lane LOS D
Approach Delay (s) 0.0 0.0 25.9
Approach LOS D

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 52.2% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 306 792 174 352 699 50 474 149 329 46 174 180
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.91 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4977 3433 3527 1698 1741 1572 1687 1863 1519
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4977 3433 3527 1698 1741 1572 1687 1863 1519
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 322 834 183 371 736 53 499 157 346 48 183 189
RTOR Reduction (vph) 0 24 0 0 4 0 0 0 270 0 0 136
Lane Group Flow (vph) 322 993 0 371 785 0 324 332 76 48 183 53
Confl. Peds. (#/hr) 6 2 15
Confl. Bikes (#/hr) 1 2
Heavy Vehicles (%) 2% 1% 2% 2% 1% 2% 1% 1% 1% 7% 2% 3%
Turn Type Prot NA Prot NA Split NA Perm Split NA Perm
Protected Phases 5 2 1 6 3 3 4 4
Permitted Phases 3 4
Actuated Green, G (s) 31.4 42.8 20.1 31.5 27.3 27.3 27.3 16.8 16.8 16.8
Effective Green, g (s) 31.4 42.8 20.1 31.5 27.3 27.3 27.3 16.8 16.8 16.8
Actuated g/C Ratio 0.25 0.34 0.16 0.25 0.22 0.22 0.22 0.13 0.13 0.13
Clearance Time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 444 1704 552 888 370 380 343 226 250 204
v/s Ratio Prot c0.18 0.20 0.11 c0.22 c0.19 0.19 0.03 c0.10
v/s Ratio Perm 0.05 0.03
v/c Ratio 0.73 0.58 0.67 0.88 0.88 0.87 0.22 0.21 0.73 0.26
Uniform Delay, d1 42.9 33.8 49.3 45.0 47.2 47.2 40.1 48.2 51.9 48.5
Progression Factor 0.88 0.82 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.7 1.4 2.5 12.5 19.5 18.8 0.1 0.2 9.1 0.2
Delay (s) 42.3 29.0 51.9 57.5 66.7 66.0 40.2 48.4 61.1 48.8
Level of Service D C D E E E D D E D
Approach Delay (s) 32.2 55.7 57.3 54.1
Approach LOS C E E D

Intersection Summary
HCM 2000 Control Delay 47.9 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 125.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 85.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 435 1 59 2 1 6 68 511 2 16 355 329
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frpb, ped/bikes 1.00 0.98 1.00 1.00 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 0.91 1.00 1.00 1.00 0.93
Flt Protected 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1792 1582 1710 1805 3537 1703 3216
Flt Permitted 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1792 1582 1710 1805 3537 1703 3216
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 463 1 63 2 1 6 72 544 2 17 378 350
RTOR Reduction (vph) 0 0 42 0 6 0 0 0 0 0 126 0
Lane Group Flow (vph) 0 464 21 0 3 0 72 546 0 17 602 0
Confl. Peds. (#/hr) 8 3 6
Confl. Bikes (#/hr) 1 2
Heavy Vehicles (%) 1% 0% 0% 0% 0% 0% 0% 2% 0% 6% 4% 1%
Turn Type Split NA Perm Split NA Prot NA Prot NA
Protected Phases 3 3 4 4 1 6 5 2
Permitted Phases 3
Actuated Green, G (s) 25.5 25.5 0.7 6.3 29.0 1.8 24.5
Effective Green, g (s) 25.5 25.5 0.7 6.3 29.0 1.8 24.5
Actuated g/C Ratio 0.34 0.34 0.01 0.08 0.39 0.02 0.33
Clearance Time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Vehicle Extension (s) 2.0 2.0 2.0 2.0 3.0 2.0 3.0
Lane Grp Cap (vph) 609 537 15 151 1367 40 1050
v/s Ratio Prot c0.26 c0.00 c0.04 0.15 0.01 c0.19
v/s Ratio Perm 0.01
v/c Ratio 0.76 0.04 0.20 0.48 0.40 0.42 0.57
Uniform Delay, d1 22.0 16.6 36.9 32.8 16.7 36.1 20.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.1 0.0 2.4 0.9 0.2 2.6 0.8
Delay (s) 27.1 16.6 39.3 33.6 16.9 38.7 21.7
Level of Service C B D C B D C
Approach Delay (s) 25.8 39.3 18.8 22.1
Approach LOS C D B C

Intersection Summary
HCM 2000 Control Delay 22.1 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 67.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 152 92 76 429 346 70
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94
Hourly flow rate (vph) 162 98 81 456 368 74
Pedestrians 2 1
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.87 0.87 0.87
vC, conflicting volume 760 371 445
vC1, stage 1 conf vol 370
vC2, stage 2 conf vol 390
vCu, unblocked vol 647 198 283
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 70 86 93
cM capacity (veh/h) 531 706 1118

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 260 81 228 228 368 74
Volume Left 162 81 0 0 0 0
Volume Right 98 0 0 0 0 74
cSH 586 1118 1700 1700 1700 1700
Volume to Capacity 0.44 0.07 0.13 0.13 0.22 0.04
Queue Length 95th (ft) 57 6 0 0 0 0
Control Delay (s) 15.9 8.5 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 15.9 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 3.9
Intersection Capacity Utilization 46.5% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 2 2 144 242 2
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 0 2 2 171 288 2
Pedestrians 2
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 0
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 174 92 88
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 174 92 88
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 68 100
cM capacity (veh/h) 1415 911 976

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 2 174 290
Volume Left 0 0 288
Volume Right 0 171 2
cSH 1415 1700 911
Volume to Capacity 0.00 0.10 0.32
Queue Length 95th (ft) 0 0 34
Control Delay (s) 0.0 0.0 10.8
Lane LOS B
Approach Delay (s) 0.0 0.0 10.8
Approach LOS B

Intersection Summary
Average Delay 6.7
Intersection Capacity Utilization 29.2% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 51 710 310 353 536 37 351 34 397 38 39 31
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 0.99 1.00 1.00 1.00 1.00 0.97 1.00 1.00 0.95
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 0.96 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3574 1594 3467 3526 1698 1719 1555 1719 1900 1531
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 0.96 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3574 1594 3467 3526 1698 1719 1555 1719 1900 1531
Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Adj. Flow (vph) 53 740 323 368 558 39 366 35 414 40 41 32
RTOR Reduction (vph) 0 0 141 0 3 0 0 0 343 0 0 30
Lane Group Flow (vph) 53 740 182 368 594 0 201 200 71 40 41 2
Confl. Peds. (#/hr) 1 16 12 37
Confl. Bikes (#/hr) 2 1
Heavy Vehicles (%) 0% 1% 0% 1% 1% 0% 1% 0% 1% 5% 0% 0%
Turn Type Prot NA Perm Prot NA Split NA Perm Split NA Perm
Protected Phases 1 6 5 2 4 4 3 3
Permitted Phases 6 4 3
Actuated Green, G (s) 7.2 51.0 51.0 15.9 59.7 18.9 18.9 18.9 6.2 6.2 6.2
Effective Green, g (s) 7.2 51.0 51.0 15.9 59.7 18.9 18.9 18.9 6.2 6.2 6.2
Actuated g/C Ratio 0.07 0.46 0.46 0.14 0.54 0.17 0.17 0.17 0.06 0.06 0.06
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 118 1657 739 501 1913 291 295 267 96 107 86
v/s Ratio Prot 0.03 c0.21 c0.11 0.17 c0.12 0.12 c0.02 0.02
v/s Ratio Perm 0.11 0.05 0.00
v/c Ratio 0.45 0.45 0.25 0.73 0.31 0.69 0.68 0.27 0.42 0.38 0.02
Uniform Delay, d1 49.5 20.0 17.9 45.0 13.8 42.8 42.7 39.5 50.2 50.1 49.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.0 0.9 0.8 4.8 0.4 5.6 4.8 0.2 1.1 0.8 0.0
Delay (s) 50.5 20.8 18.7 49.8 14.3 48.4 47.5 39.7 51.2 50.9 49.1
Level of Service D C B D B D D D D D D
Approach Delay (s) 21.6 27.8 43.8 50.5
Approach LOS C C D D

Intersection Summary
HCM 2000 Control Delay 30.7 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 79.1% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 164 1154 244 276 1012 169 308 414 266 212 438 148
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Lane Util. Factor 0.97 0.91 1.00 0.97 0.91 0.97 0.95 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 0.95 1.00 1.00 1.00 0.99 1.00 1.00 0.95
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3502 5036 1491 3502 4955 3433 3305 3433 3574 1513
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3502 5036 1491 3502 4955 3433 3305 3433 3574 1513
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 164 1154 244 276 1012 169 308 414 266 212 438 148
RTOR Reduction (vph) 0 0 136 0 15 0 0 89 0 0 0 121
Lane Group Flow (vph) 164 1154 108 276 1166 0 308 591 0 212 438 27
Confl. Peds. (#/hr) 30 15 19 38
Heavy Vehicles (%) 0% 3% 3% 0% 2% 2% 2% 1% 2% 2% 1% 1%
Turn Type Prot NA Perm Prot NA Prot NA Prot NA Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 4
Actuated Green, G (s) 17.1 57.4 57.4 14.6 54.9 15.9 27.6 12.4 24.1 24.1
Effective Green, g (s) 17.1 57.4 57.4 14.6 54.9 15.9 27.6 12.4 24.1 24.1
Actuated g/C Ratio 0.13 0.44 0.44 0.11 0.42 0.12 0.21 0.10 0.19 0.19
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 460 2223 658 393 2092 419 701 327 662 280
v/s Ratio Prot 0.05 c0.23 c0.08 c0.24 c0.09 c0.18 0.06 0.12
v/s Ratio Perm 0.07 0.02
v/c Ratio 0.36 0.52 0.16 0.70 0.56 0.74 0.84 0.65 0.66 0.10
Uniform Delay, d1 51.4 26.3 21.9 55.6 28.4 55.0 49.1 56.7 49.2 43.9
Progression Factor 1.00 1.00 1.00 0.67 0.85 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.9 0.5 2.1 0.5 5.7 8.7 3.3 1.9 0.1
Delay (s) 51.6 27.2 22.4 39.4 24.5 60.7 57.9 60.0 51.1 44.0
Level of Service D C C D C E E E D D
Approach Delay (s) 29.0 27.3 58.7 52.1
Approach LOS C C E D

Intersection Summary
HCM 2000 Control Delay 38.4 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 130.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 81.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1445 351 0 1447 0 212
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1445 351 0 1447 0 212
Pedestrians 23
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 2
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.82
vC, conflicting volume 1819 2126 680
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1819 1611 680
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 46
cM capacity (veh/h) 335 78 390

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 578 578 640 482 482 482 212
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 351 0 0 0 212
cSH 1700 1700 1700 1700 1700 1700 390
Volume to Capacity 0.34 0.34 0.38 0.28 0.28 0.28 0.54
Queue Length 95th (ft) 0 0 0 0 0 0 78
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 24.6
Lane LOS C
Approach Delay (s) 0.0 0.0 24.6
Approach LOS C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 56.0% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 366 1140 151 452 829 53 399 194 526 69 215 218
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.91 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.98 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 5005 3467 3539 1681 1750 1569 1770 1900 1556
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.98 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1787 5005 3467 3539 1681 1750 1569 1770 1900 1556
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 366 1140 151 452 829 53 399 194 526 69 215 218
RTOR Reduction (vph) 0 11 0 0 4 0 0 0 418 0 0 125
Lane Group Flow (vph) 366 1280 0 452 878 0 291 302 108 69 215 93
Confl. Peds. (#/hr) 16 1 5 10
Confl. Bikes (#/hr) 1
Heavy Vehicles (%) 1% 1% 4% 1% 1% 0% 2% 1% 1% 2% 0% 1%
Turn Type Prot NA Prot NA Split NA Perm Split NA Perm
Protected Phases 5 2 1 6 3 3 4 4
Permitted Phases 3 4
Actuated Green, G (s) 35.6 44.9 21.0 30.3 26.7 26.7 26.7 19.4 19.4 19.4
Effective Green, g (s) 35.6 44.9 21.0 30.3 26.7 26.7 26.7 19.4 19.4 19.4
Actuated g/C Ratio 0.27 0.35 0.16 0.23 0.21 0.21 0.21 0.15 0.15 0.15
Clearance Time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 489 1728 560 824 345 359 322 264 283 232
v/s Ratio Prot 0.20 c0.26 0.13 c0.25 c0.17 0.17 0.04 c0.11
v/s Ratio Perm 0.07 0.06
v/c Ratio 0.75 0.74 0.81 1.07 0.84 0.84 0.34 0.26 0.76 0.40
Uniform Delay, d1 43.1 37.4 52.5 49.9 49.6 49.6 44.1 49.0 53.1 50.0
Progression Factor 1.09 1.19 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.0 2.7 7.9 50.4 16.3 15.5 0.2 0.2 9.9 0.4
Delay (s) 52.1 47.3 60.4 100.2 65.9 65.1 44.3 49.1 63.0 50.5
Level of Service D D E F E E D D E D
Approach Delay (s) 48.4 86.7 55.5 55.7
Approach LOS D F E E

Intersection Summary
HCM 2000 Control Delay 62.0 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.87
Actuated Cycle Length (s) 130.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 92.1% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 400 3 59 3 0 6 67 713 0 3 491 324
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frpb, ped/bikes 1.00 0.98 0.98 1.00 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 0.91 1.00 1.00 1.00 0.94
Flt Protected 0.95 1.00 0.98 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1792 1559 1661 1770 3505 1805 3271
Flt Permitted 0.95 1.00 0.98 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1792 1559 1661 1770 3505 1805 3271
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 400 3 59 3 0 6 67 713 0 3 491 324
RTOR Reduction (vph) 0 0 41 0 9 0 0 0 0 0 71 0
Lane Group Flow (vph) 0 403 18 0 0 0 67 713 0 3 744 0
Confl. Peds. (#/hr) 3 1 6 11
Heavy Vehicles (%) 1% 0% 2% 0% 0% 0% 2% 3% 0% 0% 3% 1%
Turn Type Split NA Perm Split NA Prot NA Prot NA
Protected Phases 3 3 4 4 1 6 5 2
Permitted Phases 3
Actuated Green, G (s) 23.8 23.8 0.8 6.2 34.3 0.8 28.9
Effective Green, g (s) 23.8 23.8 0.8 6.2 34.3 0.8 28.9
Actuated g/C Ratio 0.31 0.31 0.01 0.08 0.44 0.01 0.37
Clearance Time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Vehicle Extension (s) 2.0 2.0 2.0 2.0 3.0 2.0 3.0
Lane Grp Cap (vph) 548 477 17 141 1547 18 1216
v/s Ratio Prot c0.22 c0.00 c0.04 0.20 0.00 c0.23
v/s Ratio Perm 0.01
v/c Ratio 0.74 0.04 0.01 0.48 0.46 0.17 0.61
Uniform Delay, d1 24.1 18.9 38.1 34.2 15.2 38.1 19.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.4 0.0 0.0 0.9 0.2 1.6 0.9
Delay (s) 28.5 18.9 38.1 35.1 15.4 39.7 20.8
Level of Service C B D D B D C
Approach Delay (s) 27.3 38.1 17.1 20.8
Approach LOS C D B C

Intersection Summary
HCM 2000 Control Delay 21.0 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 77.7 Sum of lost time (s) 18.0
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 109 101 80 672 509 44
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 109 101 80 672 509 44
Pedestrians 11 2 3
Lane Width (ft) 12.0 12.0 12.0
Walking Speed (ft/s) 4.0 4.0 4.0
Percent Blockage 1 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.79 0.79 0.79
vC, conflicting volume 1019 522 564
vC1, stage 1 conf vol 520
vC2, stage 2 conf vol 499
vCu, unblocked vol 889 259 312
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 75 83 92
cM capacity (veh/h) 433 582 983

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 210 80 336 336 509 44
Volume Left 109 80 0 0 0 0
Volume Right 101 0 0 0 0 44
cSH 493 983 1700 1700 1700 1700
Volume to Capacity 0.43 0.08 0.20 0.20 0.30 0.03
Queue Length 95th (ft) 52 7 0 0 0 0
Control Delay (s) 17.6 9.0 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 17.6 1.0 0.0
Approach LOS C

Intersection Summary
Average Delay 2.9
Intersection Capacity Utilization 53.6% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 1 19 18 106 191 4
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1 19 18 106 191 4
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 124 92 71
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 124 92 71
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 79 100
cM capacity (veh/h) 1475 912 997

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 20 124 195
Volume Left 1 0 191
Volume Right 0 106 4
cSH 1475 1700 914
Volume to Capacity 0.00 0.07 0.21
Queue Length 95th (ft) 0 0 20
Control Delay (s) 0.4 0.0 10.0
Lane LOS A B
Approach Delay (s) 0.4 0.0 10.0
Approach LOS B

Intersection Summary
Average Delay 5.8
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 71 940 489 697 745 72 366 98 327 50 71 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 0.99 1.00 1.00 0.97 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1599 3467 3477 1715 1747 1572 1805 1900 1587
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1599 3467 3477 1715 1747 1572 1805 1900 1587
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 71 940 489 697 745 72 366 98 327 50 71 20
RTOR Reduction (vph) 0 0 212 0 4 0 0 0 266 0 0 19
Lane Group Flow (vph) 71 940 277 697 813 0 231 233 61 50 71 1
Confl. Peds. (#/hr) 17 12 5
Confl. Bikes (#/hr) 1
Heavy Vehicles (%) 0% 2% 1% 1% 2% 0% 0% 1% 0% 0% 0% 0%
Turn Type Prot NA Perm Prot NA Split NA Perm Split NA Perm
Protected Phases 1 6 5 2 4 4 3 3
Permitted Phases 6 4 3
Actuated Green, G (s) 7.9 35.1 35.1 28.8 56.0 20.6 20.6 20.6 7.5 7.5 7.5
Effective Green, g (s) 7.9 35.1 35.1 28.8 56.0 20.6 20.6 20.6 7.5 7.5 7.5
Actuated g/C Ratio 0.07 0.32 0.32 0.26 0.51 0.19 0.19 0.19 0.07 0.07 0.07
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 129 1129 510 907 1770 321 327 294 123 129 108
v/s Ratio Prot 0.04 c0.27 c0.20 0.23 c0.13 0.13 0.03 c0.04
v/s Ratio Perm 0.17 0.04 0.00
v/c Ratio 0.55 0.83 0.54 0.77 0.46 0.72 0.71 0.21 0.41 0.55 0.01
Uniform Delay, d1 49.3 34.7 30.9 37.5 17.3 42.0 41.9 37.8 49.1 49.6 47.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.9 7.2 4.1 3.6 0.9 6.3 6.0 0.1 0.8 2.9 0.0
Delay (s) 52.2 42.0 35.0 41.1 18.2 48.3 47.9 37.9 49.9 52.5 47.8
Level of Service D D C D B D D D D D D
Approach Delay (s) 40.2 28.7 43.9 50.9
Approach LOS D C D D

Intersection Summary
HCM 2000 Control Delay 36.9 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.76
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 77.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 183 1312 269 228 1333 181 362 375 247 273 327 167
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Lane Util. Factor 0.97 0.91 1.00 0.97 0.91 0.97 0.95 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 0.95 1.00 1.00 1.00 0.99 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3467 5085 1541 3502 4977 3467 3320 3467 3574 1520
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3467 5085 1541 3502 4977 3467 3320 3467 3574 1520
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 183 1312 269 228 1333 181 362 375 247 273 327 167
RTOR Reduction (vph) 0 0 145 0 11 0 0 104 0 0 0 138
Lane Group Flow (vph) 183 1312 124 228 1503 0 362 518 0 273 327 29
Confl. Peds. (#/hr) 28 5 16 18
Confl. Bikes (#/hr) 1 1
Heavy Vehicles (%) 1% 2% 0% 0% 2% 3% 1% 1% 1% 1% 1% 3%
Turn Type Prot NA Perm Prot NA Prot NA Prot NA Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 4
Actuated Green, G (s) 12.7 56.4 56.4 12.5 56.2 16.7 23.9 14.2 21.4 21.4
Effective Green, g (s) 12.7 56.4 56.4 12.5 56.2 16.7 23.9 14.2 21.4 21.4
Actuated g/C Ratio 0.10 0.45 0.45 0.10 0.45 0.13 0.19 0.11 0.17 0.17
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 352 2294 695 350 2237 463 634 393 611 260
v/s Ratio Prot 0.05 c0.26 0.07 c0.30 c0.10 c0.16 0.08 0.09
v/s Ratio Perm 0.08 0.02
v/c Ratio 0.52 0.57 0.18 0.65 0.67 0.78 0.82 0.69 0.54 0.11
Uniform Delay, d1 53.3 25.4 20.5 54.2 27.1 52.4 48.5 53.3 47.3 43.8
Progression Factor 1.00 1.00 1.00 1.35 0.60 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.0 0.6 0.3 0.1 7.7 7.7 4.3 0.5 0.1
Delay (s) 53.8 26.4 21.0 73.2 16.5 60.1 56.1 57.6 47.7 43.8
Level of Service D C C E B E E E D D
Approach Delay (s) 28.4 23.9 57.6 50.4
Approach LOS C C E D

Intersection Summary
HCM 2000 Control Delay 35.6 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 125.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 79.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1293 533 0 1702 0 313
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1293 533 0 1702 0 313
Pedestrians 1 11
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 1
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.85
vC, conflicting volume 1837 2138 710
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1837 1721 710
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 17
cM capacity (veh/h) 333 69 377

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 517 517 792 567 567 567 313
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 533 0 0 0 313
cSH 1700 1700 1700 1700 1700 1700 377
Volume to Capacity 0.30 0.30 0.47 0.33 0.33 0.33 0.83
Queue Length 95th (ft) 0 0 0 0 0 0 189
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 47.2
Lane LOS E
Approach Delay (s) 0.0 0.0 47.2
Approach LOS E

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 63.4% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 386 1000 220 439 882 63 592 187 412 58 218 227
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.91 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4976 3433 3527 1698 1741 1573 1687 1863 1519
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4976 3433 3527 1698 1741 1573 1687 1863 1519
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 386 1000 220 439 882 63 592 187 412 58 218 227
RTOR Reduction (vph) 0 25 0 0 4 0 0 0 315 0 0 134
Lane Group Flow (vph) 386 1195 0 439 941 0 385 394 97 58 218 93
Confl. Peds. (#/hr) 6 2 15
Confl. Bikes (#/hr) 1 2
Heavy Vehicles (%) 2% 1% 2% 2% 1% 2% 1% 1% 1% 7% 2% 3%
Turn Type Prot NA Prot NA Split NA Perm Split NA Perm
Protected Phases 5 2 1 6 3 3 4 4
Permitted Phases 3 4
Actuated Green, G (s) 32.2 39.2 19.0 26.0 29.4 29.4 29.4 19.4 19.4 19.4
Effective Green, g (s) 32.2 39.2 19.0 26.0 29.4 29.4 29.4 19.4 19.4 19.4
Actuated g/C Ratio 0.26 0.31 0.15 0.21 0.24 0.24 0.24 0.16 0.16 0.16
Clearance Time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 455 1560 521 733 399 409 369 261 289 235
v/s Ratio Prot c0.22 0.24 0.13 c0.27 c0.23 0.23 0.03 c0.12
v/s Ratio Perm 0.06 0.06
v/c Ratio 0.85 0.77 0.84 1.28 0.96 0.96 0.26 0.22 0.75 0.39
Uniform Delay, d1 44.1 38.8 51.5 49.5 47.3 47.3 39.0 46.2 50.5 47.5
Progression Factor 1.03 0.92 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.1 3.3 11.4 138.0 35.5 34.6 0.1 0.2 9.5 0.4
Delay (s) 57.5 39.0 62.9 187.5 82.8 81.9 39.1 46.4 60.0 47.9
Level of Service E D E F F F D D E D
Approach Delay (s) 43.5 148.0 67.4 53.0
Approach LOS D F E D

Intersection Summary
HCM 2000 Control Delay 81.4 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.97
Actuated Cycle Length (s) 125.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 100.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 538 1 73 3 1 8 83 645 3 20 448 409
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frpb, ped/bikes 1.00 0.98 1.00 1.00 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 0.91 1.00 1.00 1.00 0.93
Flt Protected 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1792 1579 1708 1805 3537 1703 3214
Flt Permitted 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1792 1579 1708 1805 3537 1703 3214
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 538 1 73 3 1 8 83 645 3 20 448 409
RTOR Reduction (vph) 0 0 46 0 8 0 0 0 0 0 121 0
Lane Group Flow (vph) 0 539 27 0 4 0 83 648 0 20 736 0
Confl. Peds. (#/hr) 8 3 6
Confl. Bikes (#/hr) 1 2
Heavy Vehicles (%) 1% 0% 0% 0% 0% 0% 0% 2% 0% 6% 4% 1%
Turn Type Split NA Perm Split NA Prot NA Prot NA
Protected Phases 3 3 4 4 1 6 5 2
Permitted Phases 3
Actuated Green, G (s) 34.6 34.6 1.8 7.1 37.7 1.7 32.3
Effective Green, g (s) 34.6 34.6 1.8 7.1 37.7 1.7 32.3
Actuated g/C Ratio 0.37 0.37 0.02 0.08 0.40 0.02 0.34
Clearance Time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Vehicle Extension (s) 2.0 2.0 2.0 2.0 3.0 2.0 3.0
Lane Grp Cap (vph) 661 582 32 136 1421 30 1106
v/s Ratio Prot c0.30 c0.00 c0.05 0.18 0.01 c0.23
v/s Ratio Perm 0.02
v/c Ratio 0.82 0.05 0.13 0.61 0.46 0.67 0.67
Uniform Delay, d1 26.7 19.0 45.2 42.0 20.5 45.8 26.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 7.3 0.0 0.7 5.6 0.2 35.7 1.5
Delay (s) 34.0 19.0 45.9 47.6 20.8 81.4 27.7
Level of Service C B D D C F C
Approach Delay (s) 32.2 45.9 23.8 28.9
Approach LOS C D C C

Intersection Summary
HCM 2000 Control Delay 28.2 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 93.8 Sum of lost time (s) 18.0
Intersection Capacity Utilization 78.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 192 116 96 539 436 88
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 192 116 96 539 436 88
Pedestrians 2 1
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.81 0.81 0.81
vC, conflicting volume 900 439 526
vC1, stage 1 conf vol 438
vC2, stage 2 conf vol 462
vCu, unblocked vol 754 183 291
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 59 83 91
cM capacity (veh/h) 472 671 1031

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 308 96 270 270 436 88
Volume Left 192 96 0 0 0 0
Volume Right 116 0 0 0 0 88
cSH 531 1031 1700 1700 1700 1700
Volume to Capacity 0.58 0.09 0.16 0.16 0.26 0.05
Queue Length 95th (ft) 91 8 0 0 0 0
Control Delay (s) 20.7 8.8 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 20.7 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 4.9
Intersection Capacity Utilization 56.0% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 3 3 182 305 3
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 3 3 182 305 3
Pedestrians 2
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 0
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 185 99 94
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 99 94
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 66 100
cM capacity (veh/h) 1402 903 968

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 3 185 308
Volume Left 0 0 305
Volume Right 0 182 3
cSH 1402 1700 904
Volume to Capacity 0.00 0.11 0.34
Queue Length 95th (ft) 0 0 38
Control Delay (s) 0.0 0.0 11.0
Lane LOS B
Approach Delay (s) 0.0 0.0 11.0
Approach LOS B

Intersection Summary
Average Delay 6.8
Intersection Capacity Utilization 35.2% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 64 894 390 446 673 47 442 43 501 48 49 39
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 0.99 1.00 1.00 1.00 1.00 0.97 1.00 1.00 0.95
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 0.96 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3574 1594 3467 3526 1698 1720 1555 1719 1900 1531
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 0.96 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3574 1594 3467 3526 1698 1720 1555 1719 1900 1531
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 64 894 390 446 673 47 442 43 501 48 49 39
RTOR Reduction (vph) 0 0 156 0 3 0 0 0 385 0 0 37
Lane Group Flow (vph) 64 894 234 446 717 0 243 242 116 48 49 2
Confl. Peds. (#/hr) 1 16 12 37
Confl. Bikes (#/hr) 2 1
Heavy Vehicles (%) 0% 1% 0% 1% 1% 0% 1% 0% 1% 5% 0% 0%
Turn Type Prot NA Perm Prot NA Split NA Perm Split NA Perm
Protected Phases 1 6 5 2 4 4 3 3
Permitted Phases 6 4 3
Actuated Green, G (s) 7.6 44.4 44.4 18.4 55.2 22.6 22.6 22.6 6.6 6.6 6.6
Effective Green, g (s) 7.6 44.4 44.4 18.4 55.2 22.6 22.6 22.6 6.6 6.6 6.6
Actuated g/C Ratio 0.07 0.40 0.40 0.17 0.50 0.21 0.21 0.21 0.06 0.06 0.06
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 124 1442 643 579 1769 348 353 319 103 114 91
v/s Ratio Prot 0.04 c0.25 c0.13 0.20 c0.14 0.14 c0.03 0.03
v/s Ratio Perm 0.15 0.07 0.00
v/c Ratio 0.52 0.62 0.36 0.77 0.41 0.70 0.69 0.36 0.47 0.43 0.03
Uniform Delay, d1 49.4 26.1 22.9 43.8 17.1 40.5 40.4 37.5 50.0 49.9 48.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 2.0 1.6 5.7 0.7 4.9 4.4 0.3 1.2 0.9 0.0
Delay (s) 50.9 28.1 24.5 49.5 17.8 45.4 44.8 37.8 51.2 50.8 48.7
Level of Service D C C D B D D D D D D
Approach Delay (s) 28.2 29.9 41.4 50.4
Approach LOS C C D D

Intersection Summary
HCM 2000 Control Delay 33.1 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 87.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 164 1156 244 277 1015 170 308 414 267 213 438 148
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Lane Util. Factor 0.97 0.91 1.00 0.97 0.91 0.97 0.95 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 0.95 1.00 1.00 1.00 0.99 1.00 1.00 0.95
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3502 5036 1491 3502 4955 3433 3305 3433 3574 1513
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3502 5036 1491 3502 4955 3433 3305 3433 3574 1513
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 164 1156 244 277 1015 170 308 414 267 213 438 148
RTOR Reduction (vph) 0 0 136 0 15 0 0 91 0 0 0 121
Lane Group Flow (vph) 164 1156 108 277 1170 0 308 590 0 213 438 27
Confl. Peds. (#/hr) 30 15 19 38
Heavy Vehicles (%) 0% 3% 3% 0% 2% 2% 2% 1% 2% 2% 1% 1%
Turn Type Prot NA Perm Prot NA Prot NA Prot NA Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 4
Actuated Green, G (s) 16.6 57.4 57.4 14.6 55.4 15.9 27.6 12.4 24.1 24.1
Effective Green, g (s) 16.6 57.4 57.4 14.6 55.4 15.9 27.6 12.4 24.1 24.1
Actuated g/C Ratio 0.13 0.44 0.44 0.11 0.43 0.12 0.21 0.10 0.19 0.19
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 447 2223 658 393 2111 419 701 327 662 280
v/s Ratio Prot 0.05 c0.23 c0.08 c0.24 c0.09 c0.18 0.06 0.12
v/s Ratio Perm 0.07 0.02
v/c Ratio 0.37 0.52 0.16 0.70 0.55 0.74 0.84 0.65 0.66 0.10
Uniform Delay, d1 51.9 26.3 21.9 55.6 28.0 55.0 49.1 56.7 49.2 43.9
Progression Factor 1.00 1.00 1.00 0.67 0.85 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.9 0.5 2.1 0.5 5.7 8.7 3.5 1.9 0.1
Delay (s) 52.1 27.2 22.4 39.6 24.2 60.7 57.8 60.2 51.1 44.0
Level of Service D C C D C E E E D D
Approach Delay (s) 29.0 27.1 58.7 52.2
Approach LOS C C E D

Intersection Summary
HCM 2000 Control Delay 38.4 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 130.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 81.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1440 361 0 1452 0 217
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1440 361 0 1452 0 217
Pedestrians 23
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 2
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.82
vC, conflicting volume 1824 2128 684
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1824 1619 684
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 44
cM capacity (veh/h) 333 78 389

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 576 576 649 484 484 484 217
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 361 0 0 0 217
cSH 1700 1700 1700 1700 1700 1700 389
Volume to Capacity 0.34 0.34 0.38 0.28 0.28 0.28 0.56
Queue Length 95th (ft) 0 0 0 0 0 0 82
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 25.4
Lane LOS D
Approach Delay (s) 0.0 0.0 25.4
Approach LOS D

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 56.4% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 366 1140 151 455 829 53 404 196 529 69 216 218
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.91 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.98 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 5005 3467 3539 1681 1750 1569 1770 1900 1556
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.98 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1787 5005 3467 3539 1681 1750 1569 1770 1900 1556
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 366 1140 151 455 829 53 404 196 529 69 216 218
RTOR Reduction (vph) 0 11 0 0 4 0 0 0 419 0 0 124
Lane Group Flow (vph) 366 1280 0 455 878 0 295 305 110 69 216 94
Confl. Peds. (#/hr) 16 1 5 10
Confl. Bikes (#/hr) 1
Heavy Vehicles (%) 1% 1% 4% 1% 1% 0% 2% 1% 1% 2% 0% 1%
Turn Type Prot NA Prot NA Split NA Perm Split NA Perm
Protected Phases 5 2 1 6 3 3 4 4
Permitted Phases 3 4
Actuated Green, G (s) 35.4 44.4 21.1 30.1 27.0 27.0 27.0 19.5 19.5 19.5
Effective Green, g (s) 35.4 44.4 21.1 30.1 27.0 27.0 27.0 19.5 19.5 19.5
Actuated g/C Ratio 0.27 0.34 0.16 0.23 0.21 0.21 0.21 0.15 0.15 0.15
Clearance Time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 486 1709 562 819 349 363 325 265 285 233
v/s Ratio Prot 0.20 c0.26 0.13 c0.25 c0.18 0.17 0.04 c0.11
v/s Ratio Perm 0.07 0.06
v/c Ratio 0.75 0.75 0.81 1.07 0.85 0.84 0.34 0.26 0.76 0.40
Uniform Delay, d1 43.3 37.9 52.5 50.0 49.5 49.4 43.9 48.9 53.0 50.0
Progression Factor 1.09 1.19 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.4 2.8 8.0 52.6 16.3 15.3 0.2 0.2 9.8 0.4
Delay (s) 52.7 47.9 60.5 102.6 65.8 64.7 44.1 49.1 62.8 50.4
Level of Service D D E F E E D D E D
Approach Delay (s) 49.0 88.3 55.3 55.5
Approach LOS D F E E

Intersection Summary
HCM 2000 Control Delay 62.6 HCM 2000 Level of Service E
HCM 2000 Volume to Capacity ratio 0.87
Actuated Cycle Length (s) 130.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 92.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 409 3 60 3 0 6 68 713 0 3 491 329
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frpb, ped/bikes 1.00 0.98 0.98 1.00 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 0.91 1.00 1.00 1.00 0.94
Flt Protected 0.95 1.00 0.98 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1792 1559 1661 1770 3505 1805 3269
Flt Permitted 0.95 1.00 0.98 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1792 1559 1661 1770 3505 1805 3269
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 409 3 60 3 0 6 68 713 0 3 491 329
RTOR Reduction (vph) 0 0 41 0 9 0 0 0 0 0 74 0
Lane Group Flow (vph) 0 412 19 0 0 0 68 713 0 3 746 0
Confl. Peds. (#/hr) 3 1 6 11
Heavy Vehicles (%) 1% 0% 2% 0% 0% 0% 2% 3% 0% 0% 3% 1%
Turn Type Split NA Perm Split NA Prot NA Prot NA
Protected Phases 3 3 4 4 1 6 5 2
Permitted Phases 3
Actuated Green, G (s) 24.7 24.7 0.8 6.3 34.6 0.8 29.1
Effective Green, g (s) 24.7 24.7 0.8 6.3 34.6 0.8 29.1
Actuated g/C Ratio 0.31 0.31 0.01 0.08 0.44 0.01 0.37
Clearance Time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Vehicle Extension (s) 2.0 2.0 2.0 2.0 3.0 2.0 3.0
Lane Grp Cap (vph) 560 488 16 141 1537 18 1205
v/s Ratio Prot c0.23 c0.00 c0.04 0.20 0.00 c0.23
v/s Ratio Perm 0.01
v/c Ratio 0.74 0.04 0.01 0.48 0.46 0.17 0.62
Uniform Delay, d1 24.2 18.8 38.7 34.7 15.6 38.7 20.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.3 0.0 0.1 0.9 0.2 1.6 1.0
Delay (s) 28.5 18.9 38.7 35.7 15.8 40.3 21.3
Level of Service C B D D B D C
Approach Delay (s) 27.3 38.7 17.6 21.4
Approach LOS C D B C

Intersection Summary
HCM 2000 Control Delay 21.4 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 78.9 Sum of lost time (s) 18.0
Intersection Capacity Utilization 70.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis Concord Costco Gasoline Expansion
5: Detroit Ave & Southern Access Rd Cumulative Plus Project Weekday PM Peak Hour

Kittelson & Associates, Inc. Synchro 8 -  Report
1/30/2015 Page 5

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 109 101 80 672 510 44
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 109 101 80 672 510 44
Pedestrians 11 2 3
Lane Width (ft) 12.0 12.0 12.0
Walking Speed (ft/s) 4.0 4.0 4.0
Percent Blockage 1 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.79 0.79 0.79
vC, conflicting volume 1020 523 565
vC1, stage 1 conf vol 521
vC2, stage 2 conf vol 499
vCu, unblocked vol 889 257 310
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 75 83 92
cM capacity (veh/h) 432 582 982

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 210 80 336 336 510 44
Volume Left 109 80 0 0 0 0
Volume Right 101 0 0 0 0 44
cSH 493 982 1700 1700 1700 1700
Volume to Capacity 0.43 0.08 0.20 0.20 0.30 0.03
Queue Length 95th (ft) 52 7 0 0 0 0
Control Delay (s) 17.6 9.0 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 17.6 1.0 0.0
Approach LOS C

Intersection Summary
Average Delay 2.9
Intersection Capacity Utilization 53.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 1 19 18 106 191 4
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1 19 18 106 191 4
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 124 92 71
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 124 92 71
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 79 100
cM capacity (veh/h) 1475 912 997

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 20 124 195
Volume Left 1 0 191
Volume Right 0 106 4
cSH 1475 1700 914
Volume to Capacity 0.00 0.07 0.21
Queue Length 95th (ft) 0 0 20
Control Delay (s) 0.4 0.0 10.0
Lane LOS A B
Approach Delay (s) 0.4 0.0 10.0
Approach LOS B

Intersection Summary
Average Delay 5.8
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 71 942 490 697 747 72 367 98 327 50 71 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 0.99 1.00 1.00 0.97 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1599 3467 3477 1715 1747 1572 1805 1900 1587
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1599 3467 3477 1715 1747 1572 1805 1900 1587
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 71 942 490 697 747 72 367 98 327 50 71 20
RTOR Reduction (vph) 0 0 212 0 4 0 0 0 266 0 0 19
Lane Group Flow (vph) 71 942 278 697 815 0 231 234 61 50 71 1
Confl. Peds. (#/hr) 17 12 5
Confl. Bikes (#/hr) 1
Heavy Vehicles (%) 0% 2% 1% 1% 2% 0% 0% 1% 0% 0% 0% 0%
Turn Type Prot NA Perm Prot NA Split NA Perm Split NA Perm
Protected Phases 1 6 5 2 4 4 3 3
Permitted Phases 6 4 3
Actuated Green, G (s) 7.9 35.1 35.1 28.8 56.0 20.6 20.6 20.6 7.5 7.5 7.5
Effective Green, g (s) 7.9 35.1 35.1 28.8 56.0 20.6 20.6 20.6 7.5 7.5 7.5
Actuated g/C Ratio 0.07 0.32 0.32 0.26 0.51 0.19 0.19 0.19 0.07 0.07 0.07
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 129 1129 510 907 1770 321 327 294 123 129 108
v/s Ratio Prot 0.04 c0.27 c0.20 0.23 c0.13 0.13 0.03 c0.04
v/s Ratio Perm 0.17 0.04 0.00
v/c Ratio 0.55 0.83 0.55 0.77 0.46 0.72 0.72 0.21 0.41 0.55 0.01
Uniform Delay, d1 49.3 34.8 30.9 37.5 17.3 42.0 42.0 37.8 49.1 49.6 47.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.9 7.3 4.2 3.6 0.9 6.3 6.1 0.1 0.8 2.9 0.0
Delay (s) 52.2 42.1 35.0 41.1 18.2 48.3 48.0 37.9 49.9 52.5 47.8
Level of Service D D D D B D D D D D D
Approach Delay (s) 40.3 28.7 43.9 50.9
Approach LOS D C D D

Intersection Summary
HCM 2000 Control Delay 36.9 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.76
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 183 1317 269 229 1336 182 362 375 248 273 327 167
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Lane Util. Factor 0.97 0.91 1.00 0.97 0.91 0.97 0.95 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 0.95 1.00 1.00 1.00 0.99 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3467 5085 1541 3502 4977 3467 3319 3467 3574 1520
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3467 5085 1541 3502 4977 3467 3319 3467 3574 1520
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 183 1317 269 229 1336 182 362 375 248 273 327 167
RTOR Reduction (vph) 0 0 146 0 11 0 0 103 0 0 0 138
Lane Group Flow (vph) 183 1317 123 229 1507 0 362 520 0 273 327 29
Confl. Peds. (#/hr) 28 5 16 18
Confl. Bikes (#/hr) 1 1
Heavy Vehicles (%) 1% 2% 0% 0% 2% 3% 1% 1% 1% 1% 1% 3%
Turn Type Prot NA Perm Prot NA Prot NA Prot NA Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 4
Actuated Green, G (s) 12.8 56.3 56.3 12.5 56.0 16.7 24.0 14.2 21.5 21.5
Effective Green, g (s) 12.8 56.3 56.3 12.5 56.0 16.7 24.0 14.2 21.5 21.5
Actuated g/C Ratio 0.10 0.45 0.45 0.10 0.45 0.13 0.19 0.11 0.17 0.17
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0 5.0
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 355 2290 694 350 2229 463 637 393 614 261
v/s Ratio Prot 0.05 c0.26 0.07 c0.30 c0.10 c0.16 0.08 0.09
v/s Ratio Perm 0.08 0.02
v/c Ratio 0.52 0.58 0.18 0.65 0.68 0.78 0.82 0.69 0.53 0.11
Uniform Delay, d1 53.2 25.5 20.5 54.2 27.3 52.4 48.4 53.3 47.2 43.7
Progression Factor 1.00 1.00 1.00 1.35 0.60 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.1 0.6 0.3 0.2 7.7 7.5 4.3 0.4 0.1
Delay (s) 53.7 26.5 21.1 73.3 16.7 60.1 55.9 57.6 47.6 43.7
Level of Service D C C E B E E E D D
Approach Delay (s) 28.5 24.1 57.5 50.3
Approach LOS C C E D

Intersection Summary
HCM 2000 Control Delay 35.6 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 125.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 79.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis Concord Costco Gasoline Expansion
2: Project Dwy & Monument Blvd Cumulative Plus Project Weekend Midday Peak Hour

Kittelson & Associates, Inc. Synchro 8 -  Report
1/30/2015 Page 2

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1288 545 0 1707 0 318
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1288 545 0 1707 0 318
Pedestrians 1 11
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 1
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.85
vC, conflicting volume 1844 2140 714
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1844 1724 714
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 15
cM capacity (veh/h) 331 69 375

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 515 515 803 569 569 569 318
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 545 0 0 0 318
cSH 1700 1700 1700 1700 1700 1700 375
Volume to Capacity 0.30 0.30 0.47 0.33 0.33 0.33 0.85
Queue Length 95th (ft) 0 0 0 0 0 0 199
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 50.1
Lane LOS F
Approach Delay (s) 0.0 0.0 50.1
Approach LOS F

Intersection Summary
Average Delay 4.1
Intersection Capacity Utilization 63.9% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 386 1000 220 443 882 63 597 188 415 58 219 227
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.91 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 4976 3433 3527 1698 1741 1573 1687 1863 1519
Flt Permitted 0.95 1.00 0.95 1.00 0.95 0.97 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1770 4976 3433 3527 1698 1741 1573 1687 1863 1519
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 386 1000 220 443 882 63 597 188 415 58 219 227
RTOR Reduction (vph) 0 25 0 0 4 0 0 0 317 0 0 133
Lane Group Flow (vph) 386 1195 0 443 941 0 388 397 98 58 219 94
Confl. Peds. (#/hr) 6 2 15
Confl. Bikes (#/hr) 1 2
Heavy Vehicles (%) 2% 1% 2% 2% 1% 2% 1% 1% 1% 7% 2% 3%
Turn Type Prot NA Prot NA Split NA Perm Split NA Perm
Protected Phases 5 2 1 6 3 3 4 4
Permitted Phases 3 4
Actuated Green, G (s) 32.1 39.1 19.0 26.0 29.5 29.5 29.5 19.4 19.4 19.4
Effective Green, g (s) 32.1 39.1 19.0 26.0 29.5 29.5 29.5 19.4 19.4 19.4
Actuated g/C Ratio 0.26 0.31 0.15 0.21 0.24 0.24 0.24 0.16 0.16 0.16
Clearance Time (s) 4.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 454 1556 521 733 400 410 371 261 289 235
v/s Ratio Prot c0.22 0.24 0.13 c0.27 c0.23 0.23 0.03 c0.12
v/s Ratio Perm 0.06 0.06
v/c Ratio 0.85 0.77 0.85 1.28 0.97 0.97 0.26 0.22 0.76 0.40
Uniform Delay, d1 44.2 38.9 51.6 49.5 47.3 47.3 38.9 46.2 50.6 47.5
Progression Factor 1.03 0.92 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.6 3.4 12.1 138.0 36.5 35.6 0.1 0.2 9.7 0.4
Delay (s) 58.0 39.2 63.8 187.5 83.8 82.9 39.0 46.4 60.2 47.9
Level of Service E D E F F F D D E D
Approach Delay (s) 43.7 148.0 68.0 53.1
Approach LOS D F E D

Intersection Summary
HCM 2000 Control Delay 81.7 HCM 2000 Level of Service F
HCM 2000 Volume to Capacity ratio 0.97
Actuated Cycle Length (s) 125.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 100.9% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 547 1 74 3 1 8 86 645 3 20 448 414
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frpb, ped/bikes 1.00 0.98 1.00 1.00 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 0.91 1.00 1.00 1.00 0.93
Flt Protected 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1792 1578 1708 1805 3537 1703 3213
Flt Permitted 0.95 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1792 1578 1708 1805 3537 1703 3213
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 547 1 74 3 1 8 86 645 3 20 448 414
RTOR Reduction (vph) 0 0 47 0 8 0 0 0 0 0 122 0
Lane Group Flow (vph) 0 548 27 0 4 0 86 648 0 20 740 0
Confl. Peds. (#/hr) 8 3 6
Confl. Bikes (#/hr) 1 2
Heavy Vehicles (%) 1% 0% 0% 0% 0% 0% 0% 2% 0% 6% 4% 1%
Turn Type Split NA Perm Split NA Prot NA Prot NA
Protected Phases 3 3 4 4 1 6 5 2
Permitted Phases 3
Actuated Green, G (s) 35.2 35.2 1.8 7.2 38.1 1.7 32.6
Effective Green, g (s) 35.2 35.2 1.8 7.2 38.1 1.7 32.6
Actuated g/C Ratio 0.37 0.37 0.02 0.08 0.40 0.02 0.34
Clearance Time (s) 4.5 4.5 4.5 4.0 5.0 4.0 5.0
Vehicle Extension (s) 2.0 2.0 2.0 2.0 3.0 2.0 3.0
Lane Grp Cap (vph) 665 585 32 137 1421 30 1104
v/s Ratio Prot c0.31 c0.00 c0.05 0.18 0.01 c0.23
v/s Ratio Perm 0.02
v/c Ratio 0.82 0.05 0.13 0.63 0.46 0.67 0.67
Uniform Delay, d1 27.0 19.1 45.7 42.5 20.8 46.3 26.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 7.8 0.0 0.7 6.3 0.2 35.7 1.6
Delay (s) 34.8 19.1 46.4 48.8 21.0 81.9 28.1
Level of Service C B D D C F C
Approach Delay (s) 32.9 46.4 24.3 29.4
Approach LOS C D C C

Intersection Summary
HCM 2000 Control Delay 28.8 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 94.8 Sum of lost time (s) 18.0
Intersection Capacity Utilization 79.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 192 116 96 541 436 88
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 192 116 96 541 436 88
Pedestrians 2 1
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.80 0.80 0.80
vC, conflicting volume 900 439 526
vC1, stage 1 conf vol 438
vC2, stage 2 conf vol 462
vCu, unblocked vol 755 181 289
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 59 83 91
cM capacity (veh/h) 472 671 1031

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 308 96 270 270 436 88
Volume Left 192 96 0 0 0 0
Volume Right 116 0 0 0 0 88
cSH 531 1031 1700 1700 1700 1700
Volume to Capacity 0.58 0.09 0.16 0.16 0.26 0.05
Queue Length 95th (ft) 92 8 0 0 0 0
Control Delay (s) 20.7 8.8 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 20.7 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 4.9
Intersection Capacity Utilization 56.0% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 3 3 182 305 3
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 3 3 182 305 3
Pedestrians 2
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 0
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 185 99 94
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 99 94
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 66 100
cM capacity (veh/h) 1402 903 968

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 3 185 308
Volume Left 0 0 305
Volume Right 0 182 3
cSH 1402 1700 904
Volume to Capacity 0.00 0.11 0.34
Queue Length 95th (ft) 0 0 38
Control Delay (s) 0.0 0.0 11.0
Lane LOS B
Approach Delay (s) 0.0 0.0 11.0
Approach LOS B

Intersection Summary
Average Delay 6.8
Intersection Capacity Utilization 35.2% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 64 896 391 446 676 47 443 43 501 48 49 39
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 0.95 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 0.99 1.00 1.00 1.00 1.00 0.97 1.00 1.00 0.95
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.99 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 0.96 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3574 1594 3467 3526 1698 1720 1555 1719 1900 1531
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 0.96 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3574 1594 3467 3526 1698 1720 1555 1719 1900 1531
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 64 896 391 446 676 47 443 43 501 48 49 39
RTOR Reduction (vph) 0 0 156 0 3 0 0 0 385 0 0 37
Lane Group Flow (vph) 64 896 235 446 720 0 244 242 116 48 49 2
Confl. Peds. (#/hr) 1 16 12 37
Confl. Bikes (#/hr) 2 1
Heavy Vehicles (%) 0% 1% 0% 1% 1% 0% 1% 0% 1% 5% 0% 0%
Turn Type Prot NA Perm Prot NA Split NA Perm Split NA Perm
Protected Phases 1 6 5 2 4 4 3 3
Permitted Phases 6 4 3
Actuated Green, G (s) 7.6 44.3 44.3 18.4 55.1 22.7 22.7 22.7 6.6 6.6 6.6
Effective Green, g (s) 7.6 44.3 44.3 18.4 55.1 22.7 22.7 22.7 6.6 6.6 6.6
Actuated g/C Ratio 0.07 0.40 0.40 0.17 0.50 0.21 0.21 0.21 0.06 0.06 0.06
Clearance Time (s) 4.0 5.0 5.0 4.0 5.0 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 2.0 3.0 3.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 124 1439 641 579 1766 350 354 320 103 114 91
v/s Ratio Prot 0.04 c0.25 c0.13 0.20 c0.14 0.14 c0.03 0.03
v/s Ratio Perm 0.15 0.07 0.00
v/c Ratio 0.52 0.62 0.37 0.77 0.41 0.70 0.68 0.36 0.47 0.43 0.03
Uniform Delay, d1 49.4 26.2 23.0 43.8 17.2 40.5 40.3 37.4 50.0 49.9 48.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 2.0 1.6 5.7 0.7 4.8 4.3 0.3 1.2 0.9 0.0
Delay (s) 50.9 28.2 24.6 49.5 17.9 45.3 44.6 37.7 51.2 50.8 48.7
Level of Service D C C D B D D D D D D
Approach Delay (s) 28.3 30.0 41.3 50.4
Approach LOS C C D D

Intersection Summary
HCM 2000 Control Delay 33.2 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 87.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBL EBT EBR WBL WBT NBL NBT SBL SBT SBR
Lane Group Flow (vph) 138 972 205 233 996 260 573 179 369 124
v/c Ratio 0.29 0.39 0.24 0.67 0.44 0.70 0.84 0.61 0.66 0.36
Control Delay 52.3 22.5 3.9 51.6 21.1 65.6 52.3 66.0 57.1 10.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 52.3 22.5 3.9 51.6 21.1 65.6 52.3 66.0 57.1 10.2
Queue Length 50th (ft) 53 182 0 99 224 110 202 76 155 0
Queue Length 95th (ft) 90 267 49 132 327 152 254 112 198 51
Internal Link Dist (ft) 1203 1406 927 578
Turn Bay Length (ft) 150 275 250 175 175 200
Base Capacity (vph) 481 2498 843 511 2285 528 1045 528 1044 531
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.29 0.39 0.24 0.46 0.44 0.49 0.55 0.34 0.35 0.23

Intersection Summary
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1145 278 0 1146 0 168
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 1301 316 0 1302 0 191
Pedestrians 23
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 2
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.88
vC, conflicting volume 1640 1916 615
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1640 1564 615
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 56
cM capacity (veh/h) 393 90 431

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 520 520 576 434 434 434 191
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 316 0 0 0 191
cSH 1700 1700 1700 1700 1700 1700 431
Volume to Capacity 0.31 0.31 0.34 0.26 0.26 0.26 0.44
Queue Length 95th (ft) 0 0 0 0 0 0 56
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 19.8
Lane LOS C
Approach Delay (s) 0.0 0.0 19.8
Approach LOS C

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 45.8% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 315 1112 389 760 250 260 453 60 185 188
v/c Ratio 0.75 0.58 0.70 0.71 0.79 0.79 0.68 0.26 0.74 0.56
Control Delay 61.5 42.4 58.9 45.8 67.6 66.9 9.5 51.4 70.7 20.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 61.5 42.4 58.9 45.8 67.6 66.9 9.5 51.4 70.7 20.0
Queue Length 50th (ft) 256 328 161 301 211 220 0 46 152 31
Queue Length 95th (ft) #403 395 217 #449 303 313 95 84 221 101
Internal Link Dist (ft) 544 3388 389 1096
Turn Bay Length (ft) 250 250 225 130 75
Base Capacity (vph) 422 1906 560 1077 381 396 706 415 445 477
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.75 0.58 0.69 0.71 0.66 0.66 0.64 0.14 0.42 0.39

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBT EBR WBT NBL NBT SBL SBT
Lane Group Flow (vph) 347 51 7 58 614 2 702
v/c Ratio 0.60 0.09 0.03 0.23 0.39 0.01 0.56
Control Delay 25.6 2.3 0.2 34.0 13.2 37.5 16.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 25.6 2.3 0.2 34.0 13.2 37.5 16.6
Queue Length 50th (ft) 102 0 0 19 57 1 85
Queue Length 95th (ft) 285 11 0 74 197 9 220
Internal Link Dist (ft) 173 405 734 389
Turn Bay Length (ft) 125 85
Base Capacity (vph) 1243 1104 727 891 2402 909 2218
Starvation Cap Reductn 0 0 0 0 0 0 6
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.28 0.05 0.01 0.07 0.26 0.00 0.32

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 86 80 63 532 403 35
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 97 90 71 598 453 39
Pedestrians 11 2 3
Lane Width (ft) 12.0 12.0 12.0
Walking Speed (ft/s) 4.0 4.0 4.0
Percent Blockage 1 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.83 0.83 0.83
vC, conflicting volume 907 466 503
vC1, stage 1 conf vol 464
vC2, stage 2 conf vol 443
vCu, unblocked vol 788 257 302
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 80 85 93
cM capacity (veh/h) 475 616 1047

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 187 71 299 299 453 39
Volume Left 97 71 0 0 0 0
Volume Right 90 0 0 0 0 39
cSH 534 1047 1700 1700 1700 1700
Volume to Capacity 0.35 0.07 0.18 0.18 0.27 0.02
Queue Length 95th (ft) 39 5 0 0 0 0
Control Delay (s) 15.3 8.7 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 15.3 0.9 0.0
Approach LOS C

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 44.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 1 15 14 84 151 3
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 1 17 16 94 170 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 110 82 63
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 110 82 63
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 82 100
cM capacity (veh/h) 1493 924 1007

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 18 110 173
Volume Left 1 0 170
Volume Right 0 94 3
cSH 1493 1700 926
Volume to Capacity 0.00 0.06 0.19
Queue Length 95th (ft) 0 0 17
Control Delay (s) 0.5 0.0 9.8
Lane LOS A A
Approach Delay (s) 0.5 0.0 9.8
Approach LOS A

Intersection Summary
Average Delay 5.6
Intersection Capacity Utilization 21.1% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT EBR WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 61 810 421 600 703 198 202 282 43 61 17
v/c Ratio 0.41 0.57 0.51 0.80 0.36 0.70 0.70 0.57 0.32 0.43 0.08
Control Delay 56.2 30.7 10.8 49.4 17.2 56.0 55.9 9.1 53.9 57.6 0.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 56.2 30.7 10.8 49.4 17.2 56.0 55.9 9.1 53.9 57.6 0.8
Queue Length 50th (ft) 42 241 52 205 146 141 143 0 29 42 0
Queue Length 95th (ft) 83 #364 170 270 250 205 208 67 65 83 0
Internal Link Dist (ft) 3388 277 1252 356
Turn Bay Length (ft) 150 150 300 200 200 40 60
Base Capacity (vph) 328 1413 825 753 1938 444 452 616 221 233 286
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.19 0.57 0.51 0.80 0.36 0.45 0.45 0.46 0.19 0.26 0.06

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBL EBT EBR WBL WBT NBL NBT SBL SBT SBR
Lane Group Flow (vph) 153 1094 224 191 1263 302 519 227 273 139
v/c Ratio 0.44 0.42 0.25 0.61 0.51 0.72 0.82 0.66 0.55 0.42
Control Delay 57.0 21.4 3.6 83.6 15.1 62.9 48.6 63.1 53.8 11.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 57.0 21.4 3.6 83.6 15.1 62.9 48.6 63.1 53.8 11.2
Queue Length 50th (ft) 60 197 0 85 89 122 165 92 110 0
Queue Length 95th (ft) 95 289 49 m88 131 166 216 131 147 56
Internal Link Dist (ft) 1203 1406 927 578
Turn Bay Length (ft) 150 275 250 175 175 200
Base Capacity (vph) 360 2579 891 448 2475 526 1097 526 1086 558
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.42 0.42 0.25 0.43 0.51 0.57 0.47 0.43 0.25 0.25

Intersection Summary
m    Volume for 95th percentile queue is metered by upstream signal.
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1024 422 0 1348 0 248
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 1101 454 0 1449 0 267
Pedestrians 1 11
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 1
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.86
vC, conflicting volume 1566 1822 606
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1566 1392 606
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 39
cM capacity (veh/h) 423 116 441

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 440 440 674 483 483 483 267
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 454 0 0 0 267
cSH 1700 1700 1700 1700 1700 1700 441
Volume to Capacity 0.26 0.26 0.40 0.28 0.28 0.28 0.61
Queue Length 95th (ft) 0 0 0 0 0 0 97
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 24.9
Lane LOS C
Approach Delay (s) 0.0 0.0 24.9
Approach LOS C

Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 51.7% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 322 1017 366 789 321 329 343 48 182 189
v/c Ratio 0.72 0.59 0.66 0.88 0.87 0.87 0.56 0.21 0.73 0.55
Control Delay 48.1 28.9 56.3 57.9 70.6 70.2 7.9 48.3 67.9 17.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 48.1 28.9 56.3 57.9 70.6 70.2 7.9 48.3 67.9 17.5
Queue Length 50th (ft) 160 155 146 331 258 265 0 35 144 23
Queue Length 95th (ft) #383 217 201 #500 #408 #414 78 69 210 90
Internal Link Dist (ft) 544 3388 389 1096
Turn Bay Length (ft) 250 250 225 130 75
Base Capacity (vph) 445 1733 551 894 400 410 633 411 454 490
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.72 0.59 0.66 0.88 0.80 0.80 0.54 0.12 0.40 0.39

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBT EBR WBT NBL NBT SBL SBT
Lane Group Flow (vph) 454 62 9 70 546 17 723
v/c Ratio 0.70 0.10 0.05 0.30 0.37 0.10 0.63
Control Delay 28.1 0.3 31.5 40.3 17.6 43.4 19.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 28.1 0.3 31.5 40.3 17.6 43.4 19.5
Queue Length 50th (ft) 147 0 1 25 61 6 90
Queue Length 95th (ft) 400 0 19 97 212 38 252
Internal Link Dist (ft) 173 405 734 389
Turn Bay Length (ft) 125 85
Base Capacity (vph) 1420 1271 199 378 2510 178 2127
Starvation Cap Reductn 0 0 0 0 0 0 18
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.32 0.05 0.05 0.19 0.22 0.10 0.34

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 152 92 76 427 345 70
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94
Hourly flow rate (vph) 162 98 81 454 367 74
Pedestrians 2 1
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.87 0.87 0.87
vC, conflicting volume 758 370 443
vC1, stage 1 conf vol 369
vC2, stage 2 conf vol 389
vCu, unblocked vol 646 199 284
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 70 86 93
cM capacity (veh/h) 532 706 1119

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 260 81 227 227 367 74
Volume Left 162 81 0 0 0 0
Volume Right 98 0 0 0 0 74
cSH 586 1119 1700 1700 1700 1700
Volume to Capacity 0.44 0.07 0.13 0.13 0.22 0.04
Queue Length 95th (ft) 56 6 0 0 0 0
Control Delay (s) 15.9 8.5 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 15.9 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 3.9
Intersection Capacity Utilization 46.5% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 2 2 144 242 2
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 0 2 2 171 288 2
Pedestrians 2
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 0
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 174 92 88
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 174 92 88
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 68 100
cM capacity (veh/h) 1415 911 976

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 2 174 290
Volume Left 0 0 288
Volume Right 0 171 2
cSH 1415 1700 911
Volume to Capacity 0.00 0.10 0.32
Queue Length 95th (ft) 0 0 34
Control Delay (s) 0.0 0.0 10.8
Lane LOS B
Approach Delay (s) 0.0 0.0 10.8
Approach LOS B

Intersection Summary
Average Delay 6.7
Intersection Capacity Utilization 29.2% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT EBR WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 53 738 322 368 594 201 199 414 40 41 32
v/c Ratio 0.37 0.44 0.36 0.73 0.30 0.69 0.67 0.68 0.35 0.32 0.16
Control Delay 55.2 23.4 7.0 53.8 16.3 54.2 53.2 9.7 56.7 55.0 1.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 55.2 23.4 7.0 53.8 16.3 54.2 53.2 9.7 56.7 55.0 1.7
Queue Length 50th (ft) 36 184 24 129 119 141 138 0 28 28 0
Queue Length 95th (ft) 76 302 106 172 203 205 203 81 62 63 0
Internal Link Dist (ft) 3388 277 1252 356
Turn Bay Length (ft) 150 150 300 200 200 40 60
Base Capacity (vph) 262 1684 889 541 1970 439 445 709 273 302 331
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.20 0.44 0.36 0.68 0.30 0.46 0.45 0.58 0.15 0.14 0.10

Intersection Summary
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Lane Group EBL EBT EBR WBL WBT NBL NBT SBL SBT SBR
Lane Group Flow (vph) 138 976 205 234 1000 260 575 180 369 124
v/c Ratio 0.29 0.39 0.24 0.67 0.44 0.70 0.84 0.61 0.66 0.36
Control Delay 52.3 22.6 3.9 51.6 20.9 65.6 52.2 65.9 57.0 10.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 52.3 22.6 3.9 51.6 20.9 65.6 52.2 65.9 57.0 10.2
Queue Length 50th (ft) 53 183 0 100 223 110 201 76 155 0
Queue Length 95th (ft) 90 269 49 m133 328 152 254 112 198 51
Internal Link Dist (ft) 1203 1406 927 578
Turn Bay Length (ft) 150 275 250 175 175 200
Base Capacity (vph) 481 2497 842 511 2285 528 1047 528 1044 531
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.29 0.39 0.24 0.46 0.44 0.49 0.55 0.34 0.35 0.23

Intersection Summary
m    Volume for 95th percentile queue is metered by upstream signal.
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1140 288 0 1151 0 173
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 1295 327 0 1308 0 197
Pedestrians 23
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 2
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.88
vC, conflicting volume 1646 1918 618
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1646 1562 618
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 54
cM capacity (veh/h) 391 90 428

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 518 518 586 436 436 436 197
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 327 0 0 0 197
cSH 1700 1700 1700 1700 1700 1700 428
Volume to Capacity 0.30 0.30 0.34 0.26 0.26 0.26 0.46
Queue Length 95th (ft) 0 0 0 0 0 0 59
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 20.3
Lane LOS C
Approach Delay (s) 0.0 0.0 20.3
Approach LOS C

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 46.3% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 315 1112 392 760 255 264 457 60 186 188
v/c Ratio 0.74 0.59 0.70 0.71 0.79 0.79 0.68 0.26 0.74 0.56
Control Delay 61.6 42.7 59.2 46.3 67.5 66.4 9.4 51.4 71.1 20.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 61.6 42.7 59.2 46.3 67.5 66.4 9.4 51.4 71.1 20.3
Queue Length 50th (ft) 260 332 162 305 214 221 0 46 153 32
Queue Length 95th (ft) #402 394 219 #449 309 318 95 84 222 102
Internal Link Dist (ft) 544 3388 389 1096
Turn Bay Length (ft) 250 250 225 130 75
Base Capacity (vph) 423 1892 560 1066 381 397 709 415 445 477
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.74 0.59 0.70 0.71 0.67 0.66 0.64 0.14 0.42 0.39

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBT EBR WBT NBL NBT SBL SBT
Lane Group Flow (vph) 356 52 7 59 614 2 707
v/c Ratio 0.63 0.10 0.03 0.25 0.37 0.01 0.59
Control Delay 27.1 2.3 0.2 35.4 13.2 38.5 17.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.1 2.3 0.2 35.4 13.2 38.5 17.9
Queue Length 50th (ft) 106 0 0 20 60 1 87
Queue Length 95th (ft) 292 11 0 76 203 9 226
Internal Link Dist (ft) 173 405 734 389
Turn Bay Length (ft) 125 85
Base Capacity (vph) 1118 1002 680 825 2243 842 2073
Starvation Cap Reductn 0 0 0 0 0 0 6
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.32 0.05 0.01 0.07 0.27 0.00 0.34

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 86 80 63 533 404 35
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 97 90 71 599 454 39
Pedestrians 11 2 3
Lane Width (ft) 12.0 12.0 12.0
Walking Speed (ft/s) 4.0 4.0 4.0
Percent Blockage 1 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.83 0.83 0.83
vC, conflicting volume 909 467 504
vC1, stage 1 conf vol 465
vC2, stage 2 conf vol 444
vCu, unblocked vol 788 255 300
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 80 85 93
cM capacity (veh/h) 475 616 1046

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 187 71 299 299 454 39
Volume Left 97 71 0 0 0 0
Volume Right 90 0 0 0 0 39
cSH 534 1046 1700 1700 1700 1700
Volume to Capacity 0.35 0.07 0.18 0.18 0.27 0.02
Queue Length 95th (ft) 39 5 0 0 0 0
Control Delay (s) 15.3 8.7 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 15.3 0.9 0.0
Approach LOS C

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 44.8% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Concord Costco Gasoline Expansion
6: Southern Dwy & Southern Access Rd Existing Plus Project Weekday PM Peak Hour

Kittelson & Associates, Inc. Synchro 8 -  Report
1/30/2015 Page 6

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 1 15 14 84 151 3
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 1 17 16 94 170 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 110 82 63
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 110 82 63
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 82 100
cM capacity (veh/h) 1493 924 1007

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 18 110 173
Volume Left 1 0 170
Volume Right 0 94 3
cSH 1493 1700 926
Volume to Capacity 0.00 0.06 0.19
Queue Length 95th (ft) 0 0 17
Control Delay (s) 0.5 0.0 9.8
Lane LOS A A
Approach Delay (s) 0.5 0.0 9.8
Approach LOS A

Intersection Summary
Average Delay 5.6
Intersection Capacity Utilization 21.1% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT EBR WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 61 812 422 600 705 199 202 282 43 61 17
v/c Ratio 0.41 0.58 0.51 0.80 0.36 0.70 0.70 0.57 0.32 0.43 0.08
Control Delay 56.2 30.8 10.9 49.4 17.3 56.0 55.6 9.1 53.9 57.6 0.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 56.2 30.8 10.9 49.4 17.3 56.0 55.6 9.1 53.9 57.6 0.8
Queue Length 50th (ft) 42 242 52 205 146 141 143 0 29 42 0
Queue Length 95th (ft) 83 #366 171 270 251 206 208 67 65 83 0
Internal Link Dist (ft) 3388 277 1252 356
Turn Bay Length (ft) 150 150 300 200 200 40 60
Base Capacity (vph) 328 1411 824 752 1936 444 452 616 221 233 286
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.19 0.58 0.51 0.80 0.36 0.45 0.45 0.46 0.19 0.26 0.06

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBL EBT EBR WBL WBT NBL NBT SBL SBT SBR
Lane Group Flow (vph) 153 1099 224 192 1267 302 520 228 273 139
v/c Ratio 0.43 0.43 0.25 0.61 0.51 0.72 0.82 0.65 0.55 0.42
Control Delay 56.7 21.5 3.6 83.5 15.3 62.9 48.6 62.9 53.7 11.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 56.7 21.5 3.6 83.5 15.3 62.9 48.6 62.9 53.7 11.1
Queue Length 50th (ft) 60 198 0 85 90 122 165 92 110 0
Queue Length 95th (ft) 95 292 49 m88 131 166 216 131 147 56
Internal Link Dist (ft) 1203 1406 927 578
Turn Bay Length (ft) 150 275 250 175 175 200
Base Capacity (vph) 360 2574 890 448 2465 526 1097 526 1086 558
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.42 0.43 0.25 0.43 0.51 0.57 0.47 0.43 0.25 0.25

Intersection Summary
m    Volume for 95th percentile queue is metered by upstream signal.
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1019 435 0 1353 0 253
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 1096 468 0 1455 0 272
Pedestrians 1 11
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 1
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.86
vC, conflicting volume 1574 1826 611
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1574 1395 611
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 38
cM capacity (veh/h) 420 115 437

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 438 438 687 485 485 485 272
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 468 0 0 0 272
cSH 1700 1700 1700 1700 1700 1700 437
Volume to Capacity 0.26 0.26 0.40 0.29 0.29 0.29 0.62
Queue Length 95th (ft) 0 0 0 0 0 0 103
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 25.9
Lane LOS D
Approach Delay (s) 0.0 0.0 25.9
Approach LOS D

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 52.2% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 322 1017 371 789 324 332 346 48 183 189
v/c Ratio 0.73 0.59 0.67 0.89 0.88 0.88 0.56 0.21 0.73 0.56
Control Delay 48.2 29.0 56.6 58.4 71.2 70.7 7.9 48.2 68.1 17.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 48.2 29.0 56.6 58.4 71.2 70.7 7.9 48.2 68.1 17.7
Queue Length 50th (ft) 159 155 148 331 262 268 0 35 144 23
Queue Length 95th (ft) #382 218 203 #500 #414 #422 79 69 211 91
Internal Link Dist (ft) 544 3388 389 1096
Turn Bay Length (ft) 250 250 225 130 75
Base Capacity (vph) 444 1727 551 891 400 410 635 411 454 489
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.73 0.59 0.67 0.89 0.81 0.81 0.54 0.12 0.40 0.39

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBT EBR WBT NBL NBT SBL SBT
Lane Group Flow (vph) 464 63 9 72 546 17 728
v/c Ratio 0.71 0.10 0.05 0.31 0.37 0.10 0.63
Control Delay 28.7 0.3 32.4 41.4 17.8 44.6 19.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 28.7 0.3 32.4 41.4 17.8 44.6 19.7
Queue Length 50th (ft) 153 0 1 27 63 6 93
Queue Length 95th (ft) 420 0 20 102 215 38 257
Internal Link Dist (ft) 173 405 734 389
Turn Bay Length (ft) 125 85
Base Capacity (vph) 1401 1256 196 372 2477 175 2104
Starvation Cap Reductn 0 0 0 0 0 0 28
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.33 0.05 0.05 0.19 0.22 0.10 0.35

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 152 92 76 429 346 70
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94
Hourly flow rate (vph) 162 98 81 456 368 74
Pedestrians 2 1
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.87 0.87 0.87
vC, conflicting volume 760 371 445
vC1, stage 1 conf vol 370
vC2, stage 2 conf vol 390
vCu, unblocked vol 647 198 283
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 70 86 93
cM capacity (veh/h) 531 706 1118

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 260 81 228 228 368 74
Volume Left 162 81 0 0 0 0
Volume Right 98 0 0 0 0 74
cSH 586 1118 1700 1700 1700 1700
Volume to Capacity 0.44 0.07 0.13 0.13 0.22 0.04
Queue Length 95th (ft) 57 6 0 0 0 0
Control Delay (s) 15.9 8.5 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 15.9 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 3.9
Intersection Capacity Utilization 46.5% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 2 2 144 242 2
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 0 2 2 171 288 2
Pedestrians 2
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 0
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 174 92 88
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 174 92 88
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 68 100
cM capacity (veh/h) 1415 911 976

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 2 174 290
Volume Left 0 0 288
Volume Right 0 171 2
cSH 1415 1700 911
Volume to Capacity 0.00 0.10 0.32
Queue Length 95th (ft) 0 0 34
Control Delay (s) 0.0 0.0 10.8
Lane LOS B
Approach Delay (s) 0.0 0.0 10.8
Approach LOS B

Intersection Summary
Average Delay 6.7
Intersection Capacity Utilization 29.2% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT EBR WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 53 740 323 368 597 201 200 414 40 41 32
v/c Ratio 0.37 0.44 0.36 0.73 0.30 0.69 0.68 0.68 0.35 0.32 0.16
Control Delay 55.2 23.4 7.0 53.8 16.3 54.2 53.4 9.7 56.7 55.0 1.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 55.2 23.4 7.0 53.8 16.3 54.2 53.4 9.7 56.7 55.0 1.7
Queue Length 50th (ft) 36 184 24 129 120 141 140 0 28 28 0
Queue Length 95th (ft) 76 302 106 172 204 205 204 81 62 63 0
Internal Link Dist (ft) 3388 277 1252 356
Turn Bay Length (ft) 150 150 300 200 200 40 60
Base Capacity (vph) 262 1684 889 541 1970 439 445 709 273 302 331
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.20 0.44 0.36 0.68 0.30 0.46 0.45 0.58 0.15 0.14 0.10

Intersection Summary
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Lane Group EBL EBT EBR WBL WBT NBL NBT SBL SBT SBR
Lane Group Flow (vph) 164 1154 244 276 1181 308 680 212 438 148
v/c Ratio 0.36 0.52 0.31 0.70 0.56 0.73 0.86 0.65 0.66 0.37
Control Delay 54.8 29.2 4.6 41.8 24.8 65.4 52.2 65.8 53.7 9.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 54.8 29.2 4.6 41.8 24.8 65.4 52.2 65.8 53.7 9.0
Queue Length 50th (ft) 65 254 0 108 350 130 248 90 182 0
Queue Length 95th (ft) 105 363 59 m122 m355 175 301 128 225 55
Internal Link Dist (ft) 1203 1406 927 578
Turn Bay Length (ft) 150 275 250 175 175 200
Base Capacity (vph) 458 2222 794 511 2109 528 1045 528 1044 547
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.36 0.52 0.31 0.54 0.56 0.58 0.65 0.40 0.42 0.27

Intersection Summary
m    Volume for 95th percentile queue is metered by upstream signal.
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1445 351 0 1447 0 212
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1445 351 0 1447 0 212
Pedestrians 23
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 2
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.82
vC, conflicting volume 1819 2126 680
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1819 1611 680
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 46
cM capacity (veh/h) 335 78 390

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 578 578 640 482 482 482 212
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 351 0 0 0 212
cSH 1700 1700 1700 1700 1700 1700 390
Volume to Capacity 0.34 0.34 0.38 0.28 0.28 0.28 0.54
Queue Length 95th (ft) 0 0 0 0 0 0 78
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 24.6
Lane LOS C
Approach Delay (s) 0.0 0.0 24.6
Approach LOS C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 56.0% ICU Level of Service B
Analysis Period (min) 15
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Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 366 1291 452 882 291 302 526 69 215 218
v/c Ratio 0.75 0.74 0.81 1.06 0.84 0.84 0.71 0.26 0.76 0.61
Control Delay 58.6 48.3 64.7 96.9 71.1 70.3 9.4 49.5 69.4 24.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 58.6 48.3 64.7 96.9 71.1 70.3 9.4 49.5 69.4 24.5
Queue Length 50th (ft) 305 402 191 ~433 243 252 0 52 177 54
Queue Length 95th (ft) #532 #495 #263 #567 #376 #384 106 93 249 131
Internal Link Dist (ft) 544 3388 389 1096
Turn Bay Length (ft) 250 250 225 130 75
Base Capacity (vph) 489 1739 560 829 381 396 762 415 445 477
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.75 0.74 0.81 1.06 0.76 0.76 0.69 0.17 0.48 0.46

Intersection Summary
~    Volume exceeds capacity, queue is theoretically infinite.
     Queue shown is maximum after two cycles.
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBT EBR WBT NBL NBT SBL SBT
Lane Group Flow (vph) 403 59 9 67 713 3 815
v/c Ratio 0.68 0.10 0.04 0.32 0.42 0.02 0.64
Control Delay 30.2 2.9 0.3 40.5 14.8 41.7 20.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 30.2 2.9 0.3 40.5 14.8 41.7 20.6
Queue Length 50th (ft) 155 0 0 28 88 1 129
Queue Length 95th (ft) 343 16 0 86 250 12 290
Internal Link Dist (ft) 173 405 734 389
Turn Bay Length (ft) 125 85
Base Capacity (vph) 989 896 590 697 2096 711 1845
Starvation Cap Reductn 0 0 0 0 0 0 12
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.41 0.07 0.02 0.10 0.34 0.00 0.44

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 109 101 80 672 509 44
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 109 101 80 672 509 44
Pedestrians 11 2 3
Lane Width (ft) 12.0 12.0 12.0
Walking Speed (ft/s) 4.0 4.0 4.0
Percent Blockage 1 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.79 0.79 0.79
vC, conflicting volume 1019 522 564
vC1, stage 1 conf vol 520
vC2, stage 2 conf vol 499
vCu, unblocked vol 889 259 312
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 75 83 92
cM capacity (veh/h) 433 582 983

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 210 80 336 336 509 44
Volume Left 109 80 0 0 0 0
Volume Right 101 0 0 0 0 44
cSH 493 983 1700 1700 1700 1700
Volume to Capacity 0.43 0.08 0.20 0.20 0.30 0.03
Queue Length 95th (ft) 52 7 0 0 0 0
Control Delay (s) 17.6 9.0 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 17.6 1.0 0.0
Approach LOS C

Intersection Summary
Average Delay 2.9
Intersection Capacity Utilization 53.6% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 1 19 18 106 191 4
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1 19 18 106 191 4
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 124 92 71
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 124 92 71
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 79 100
cM capacity (veh/h) 1475 912 997

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 20 124 195
Volume Left 1 0 191
Volume Right 0 106 4
cSH 1475 1700 914
Volume to Capacity 0.00 0.07 0.21
Queue Length 95th (ft) 0 0 20
Control Delay (s) 0.4 0.0 10.0
Lane LOS A B
Approach Delay (s) 0.4 0.0 10.0
Approach LOS B

Intersection Summary
Average Delay 5.8
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT EBR WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 71 940 489 697 817 231 233 327 50 71 20
v/c Ratio 0.46 0.81 0.67 0.77 0.45 0.72 0.71 0.58 0.35 0.47 0.09
Control Delay 57.0 42.3 17.5 45.2 20.8 53.9 53.3 8.3 53.9 58.3 0.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 57.0 42.3 17.5 45.2 20.8 53.9 53.3 8.3 53.9 58.3 0.8
Queue Length 50th (ft) 49 333 108 231 193 162 163 0 34 49 0
Queue Length 95th (ft) 93 #483 246 #395 322 229 230 69 71 93 0
Internal Link Dist (ft) 3388 277 1252 356
Turn Bay Length (ft) 150 150 300 200 200 40 60
Base Capacity (vph) 328 1157 732 908 1828 446 454 650 221 233 286
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.22 0.81 0.67 0.77 0.45 0.52 0.51 0.50 0.23 0.30 0.07

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBL EBT EBR WBL WBT NBL NBT SBL SBT SBR
Lane Group Flow (vph) 183 1312 269 228 1514 362 622 273 327 167
v/c Ratio 0.52 0.57 0.32 0.65 0.67 0.78 0.84 0.70 0.53 0.42
Control Delay 58.8 28.4 4.6 73.2 17.2 64.7 49.2 62.7 49.7 9.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 58.8 28.4 4.6 73.2 17.2 64.7 49.2 62.7 49.7 9.2
Queue Length 50th (ft) 73 282 2 97 131 147 207 111 128 0
Queue Length 95th (ft) 111 404 62 m67 m257 197 260 152 162 56
Internal Link Dist (ft) 1203 1406 927 578
Turn Bay Length (ft) 150 275 250 175 175 200
Base Capacity (vph) 360 2295 840 449 2247 526 1097 526 1086 578
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.51 0.57 0.32 0.51 0.67 0.69 0.57 0.52 0.30 0.29

Intersection Summary
m    Volume for 95th percentile queue is metered by upstream signal.
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1293 533 0 1702 0 313
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1293 533 0 1702 0 313
Pedestrians 1 11
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 1
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.85
vC, conflicting volume 1837 2138 710
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1837 1721 710
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 17
cM capacity (veh/h) 333 69 377

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 517 517 792 567 567 567 313
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 533 0 0 0 313
cSH 1700 1700 1700 1700 1700 1700 377
Volume to Capacity 0.30 0.30 0.47 0.33 0.33 0.33 0.83
Queue Length 95th (ft) 0 0 0 0 0 0 189
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 47.2
Lane LOS E
Approach Delay (s) 0.0 0.0 47.2
Approach LOS E

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 63.4% ICU Level of Service B
Analysis Period (min) 15
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Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 386 1220 439 945 385 394 412 58 218 227
v/c Ratio 0.85 0.77 0.84 1.28 0.96 0.96 0.60 0.22 0.76 0.62
Control Delay 62.7 39.0 67.1 177.4 84.9 84.0 7.8 46.2 66.6 22.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 62.7 39.0 67.1 177.4 84.9 84.0 7.8 46.2 66.6 22.5
Queue Length 50th (ft) 207 189 180 ~511 326 332 0 42 171 49
Queue Length 95th (ft) #539 #424 #260 #645 #533 #542 87 78 241 126
Internal Link Dist (ft) 544 3388 389 1096
Turn Bay Length (ft) 250 250 225 130 75
Base Capacity (vph) 456 1586 521 737 400 410 685 411 454 490
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.85 0.77 0.84 1.28 0.96 0.96 0.60 0.14 0.48 0.46

Intersection Summary
~    Volume exceeds capacity, queue is theoretically infinite.
     Queue shown is maximum after two cycles.
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBT EBR WBT NBL NBT SBL SBT
Lane Group Flow (vph) 539 73 12 83 648 20 832
v/c Ratio 0.77 0.11 0.08 0.42 0.44 0.15 0.70
Control Delay 34.8 0.9 37.4 53.7 22.9 55.5 25.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 34.8 0.9 37.4 53.7 22.9 55.5 25.8
Queue Length 50th (ft) 238 0 2 41 103 10 146
Queue Length 95th (ft) 519 5 25 124 285 45 337
Internal Link Dist (ft) 173 405 734 389
Turn Bay Length (ft) 125 85
Base Capacity (vph) 1192 1087 156 291 2123 137 1812
Starvation Cap Reductn 0 0 0 0 0 0 34
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.45 0.07 0.08 0.29 0.31 0.15 0.47

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 192 116 96 539 436 88
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 192 116 96 539 436 88
Pedestrians 2 1
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.81 0.81 0.81
vC, conflicting volume 900 439 526
vC1, stage 1 conf vol 438
vC2, stage 2 conf vol 462
vCu, unblocked vol 754 183 291
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 59 83 91
cM capacity (veh/h) 472 671 1031

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 308 96 270 270 436 88
Volume Left 192 96 0 0 0 0
Volume Right 116 0 0 0 0 88
cSH 531 1031 1700 1700 1700 1700
Volume to Capacity 0.58 0.09 0.16 0.16 0.26 0.05
Queue Length 95th (ft) 91 8 0 0 0 0
Control Delay (s) 20.7 8.8 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 20.7 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 4.9
Intersection Capacity Utilization 56.0% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 3 3 182 305 3
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 3 3 182 305 3
Pedestrians 2
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 0
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 185 99 94
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 99 94
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 66 100
cM capacity (veh/h) 1402 903 968

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 3 185 308
Volume Left 0 0 305
Volume Right 0 182 3
cSH 1402 1700 904
Volume to Capacity 0.00 0.11 0.34
Queue Length 95th (ft) 0 0 38
Control Delay (s) 0.0 0.0 11.0
Lane LOS B
Approach Delay (s) 0.0 0.0 11.0
Approach LOS B

Intersection Summary
Average Delay 6.8
Intersection Capacity Utilization 35.2% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT EBR WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 64 894 390 446 720 243 242 501 48 49 39
v/c Ratio 0.43 0.61 0.48 0.77 0.39 0.70 0.68 0.71 0.39 0.36 0.19
Control Delay 56.5 30.9 12.1 53.3 20.4 50.3 49.5 9.8 57.7 55.7 2.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 56.5 30.9 12.1 53.3 20.4 50.3 49.5 9.8 57.7 55.7 2.1
Queue Length 50th (ft) 44 267 60 155 165 168 167 9 33 34 0
Queue Length 95th (ft) 86 #442 180 210 280 233 231 99 70 71 0
Internal Link Dist (ft) 3388 277 1252 356
Turn Bay Length (ft) 150 150 300 200 200 40 60
Base Capacity (vph) 262 1470 809 588 1825 449 455 768 273 302 331
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.24 0.61 0.48 0.76 0.39 0.54 0.53 0.65 0.18 0.16 0.12

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBL EBT EBR WBL WBT NBL NBT SBL SBT SBR
Lane Group Flow (vph) 164 1156 244 277 1185 308 681 213 438 148
v/c Ratio 0.37 0.52 0.31 0.70 0.56 0.73 0.86 0.65 0.66 0.37
Control Delay 55.3 29.2 4.6 41.8 24.6 65.4 52.1 65.9 53.7 9.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 55.3 29.2 4.6 41.8 24.6 65.4 52.1 65.9 53.7 9.0
Queue Length 50th (ft) 67 254 0 109 350 130 247 90 182 0
Queue Length 95th (ft) 105 364 59 m122 m355 175 301 129 225 55
Internal Link Dist (ft) 1203 1406 927 578
Turn Bay Length (ft) 150 275 250 175 175 200
Base Capacity (vph) 447 2221 794 511 2123 528 1047 528 1044 547
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.37 0.52 0.31 0.54 0.56 0.58 0.65 0.40 0.42 0.27

Intersection Summary
m    Volume for 95th percentile queue is metered by upstream signal.
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1440 361 0 1452 0 217
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1440 361 0 1452 0 217
Pedestrians 23
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 2
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.82
vC, conflicting volume 1824 2128 684
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1824 1619 684
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 44
cM capacity (veh/h) 333 78 389

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 576 576 649 484 484 484 217
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 361 0 0 0 217
cSH 1700 1700 1700 1700 1700 1700 389
Volume to Capacity 0.34 0.34 0.38 0.28 0.28 0.28 0.56
Queue Length 95th (ft) 0 0 0 0 0 0 82
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 25.4
Lane LOS D
Approach Delay (s) 0.0 0.0 25.4
Approach LOS D

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 56.4% ICU Level of Service B
Analysis Period (min) 15
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Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 366 1291 455 882 295 304 529 69 216 218
v/c Ratio 0.75 0.75 0.81 1.07 0.85 0.84 0.71 0.26 0.76 0.61
Control Delay 59.0 48.7 65.1 98.4 71.2 69.6 9.4 49.4 69.3 24.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 59.0 48.7 65.1 98.4 71.2 69.6 9.4 49.4 69.3 24.6
Queue Length 50th (ft) 305 402 193 ~433 247 253 0 52 177 55
Queue Length 95th (ft) #536 #497 #267 #567 #385 #389 105 92 249 132
Internal Link Dist (ft) 544 3388 389 1096
Turn Bay Length (ft) 250 250 225 130 75
Base Capacity (vph) 486 1725 560 825 381 396 765 415 445 477
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.75 0.75 0.81 1.07 0.77 0.77 0.69 0.17 0.49 0.46

Intersection Summary
~    Volume exceeds capacity, queue is theoretically infinite.
     Queue shown is maximum after two cycles.
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBT EBR WBT NBL NBT SBL SBT
Lane Group Flow (vph) 412 60 9 68 713 3 820
v/c Ratio 0.68 0.10 0.04 0.33 0.43 0.02 0.65
Control Delay 30.2 3.0 0.3 41.1 15.1 42.0 21.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 30.2 3.0 0.3 41.1 15.1 42.0 21.0
Queue Length 50th (ft) 160 0 0 29 92 1 134
Queue Length 95th (ft) 353 16 0 87 250 12 291
Internal Link Dist (ft) 173 405 734 389
Turn Bay Length (ft) 125 85
Base Capacity (vph) 968 879 580 683 2059 696 1811
Starvation Cap Reductn 0 0 0 0 0 0 12
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.43 0.07 0.02 0.10 0.35 0.00 0.46

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 109 101 80 672 510 44
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 109 101 80 672 510 44
Pedestrians 11 2 3
Lane Width (ft) 12.0 12.0 12.0
Walking Speed (ft/s) 4.0 4.0 4.0
Percent Blockage 1 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.79 0.79 0.79
vC, conflicting volume 1020 523 565
vC1, stage 1 conf vol 521
vC2, stage 2 conf vol 499
vCu, unblocked vol 889 257 310
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 75 83 92
cM capacity (veh/h) 432 582 982

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 210 80 336 336 510 44
Volume Left 109 80 0 0 0 0
Volume Right 101 0 0 0 0 44
cSH 493 982 1700 1700 1700 1700
Volume to Capacity 0.43 0.08 0.20 0.20 0.30 0.03
Queue Length 95th (ft) 52 7 0 0 0 0
Control Delay (s) 17.6 9.0 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 17.6 1.0 0.0
Approach LOS C

Intersection Summary
Average Delay 2.9
Intersection Capacity Utilization 53.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 1 19 18 106 191 4
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1 19 18 106 191 4
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 124 92 71
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 124 92 71
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 79 100
cM capacity (veh/h) 1475 912 997

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 20 124 195
Volume Left 1 0 191
Volume Right 0 106 4
cSH 1475 1700 914
Volume to Capacity 0.00 0.07 0.21
Queue Length 95th (ft) 0 0 20
Control Delay (s) 0.4 0.0 10.0
Lane LOS A B
Approach Delay (s) 0.4 0.0 10.0
Approach LOS B

Intersection Summary
Average Delay 5.8
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT EBR WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 71 942 490 697 819 231 234 327 50 71 20
v/c Ratio 0.46 0.81 0.67 0.77 0.45 0.72 0.72 0.58 0.35 0.47 0.09
Control Delay 57.0 42.4 17.6 45.2 20.8 53.9 53.4 8.3 53.9 58.3 0.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 57.0 42.4 17.6 45.2 20.8 53.9 53.4 8.3 53.9 58.3 0.8
Queue Length 50th (ft) 49 334 109 231 193 162 164 0 34 49 0
Queue Length 95th (ft) 93 #484 247 #395 323 229 231 69 71 93 0
Internal Link Dist (ft) 3388 277 1252 356
Turn Bay Length (ft) 150 150 300 200 200 40 60
Base Capacity (vph) 328 1157 732 908 1828 446 454 650 221 233 286
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.22 0.81 0.67 0.77 0.45 0.52 0.52 0.50 0.23 0.30 0.07

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBL EBT EBR WBL WBT NBL NBT SBL SBT SBR
Lane Group Flow (vph) 183 1314 269 229 1518 362 623 273 327 167
v/c Ratio 0.52 0.57 0.32 0.65 0.68 0.78 0.84 0.70 0.53 0.42
Control Delay 58.8 28.5 4.6 73.3 17.4 64.7 49.1 62.7 49.6 9.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 58.8 28.5 4.6 73.3 17.4 64.7 49.1 62.7 49.6 9.1
Queue Length 50th (ft) 73 282 2 97 132 147 207 111 128 0
Queue Length 95th (ft) 111 405 62 m67 m258 197 260 152 162 56
Internal Link Dist (ft) 1203 1406 927 578
Turn Bay Length (ft) 150 275 250 175 175 200
Base Capacity (vph) 360 2292 839 449 2243 526 1097 526 1086 578
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.51 0.57 0.32 0.51 0.68 0.69 0.57 0.52 0.30 0.29

Intersection Summary
m    Volume for 95th percentile queue is metered by upstream signal.
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 1288 545 0 1707 0 318
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 1288 545 0 1707 0 318
Pedestrians 1 11
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 1
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 624
pX, platoon unblocked 0.85
vC, conflicting volume 1844 2140 714
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1844 1724 714
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 15
cM capacity (veh/h) 331 69 375

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1
Volume Total 515 515 803 569 569 569 318
Volume Left 0 0 0 0 0 0 0
Volume Right 0 0 545 0 0 0 318
cSH 1700 1700 1700 1700 1700 1700 375
Volume to Capacity 0.30 0.30 0.47 0.33 0.33 0.33 0.85
Queue Length 95th (ft) 0 0 0 0 0 0 199
Control Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 50.1
Lane LOS F
Approach Delay (s) 0.0 0.0 50.1
Approach LOS F

Intersection Summary
Average Delay 4.1
Intersection Capacity Utilization 63.9% ICU Level of Service B
Analysis Period (min) 15
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Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 386 1220 442 945 388 397 415 58 219 227
v/c Ratio 0.85 0.77 0.85 1.28 0.97 0.97 0.60 0.22 0.76 0.62
Control Delay 63.3 39.3 67.6 177.4 85.7 84.8 7.7 46.1 66.5 22.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 63.3 39.3 67.6 177.4 85.7 84.8 7.7 46.1 66.5 22.7
Queue Length 50th (ft) 207 190 181 ~511 328 336 0 42 172 50
Queue Length 95th (ft) #542 #426 #263 #645 #541 #549 88 78 243 127
Internal Link Dist (ft) 544 3388 389 1096
Turn Bay Length (ft) 250 250 225 130 75
Base Capacity (vph) 454 1579 521 737 400 410 688 411 454 490
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.85 0.77 0.85 1.28 0.97 0.97 0.60 0.14 0.48 0.46

Intersection Summary
~    Volume exceeds capacity, queue is theoretically infinite.
     Queue shown is maximum after two cycles.
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Lane Group EBT EBR WBT NBL NBT SBL SBT
Lane Group Flow (vph) 548 74 12 84 648 20 836
v/c Ratio 0.78 0.11 0.08 0.43 0.44 0.15 0.70
Control Delay 35.3 1.0 37.6 54.2 23.1 55.9 26.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 35.3 1.0 37.6 54.2 23.1 55.9 26.0
Queue Length 50th (ft) 246 0 2 42 105 10 149
Queue Length 95th (ft) 532 5 25 125 285 45 338
Internal Link Dist (ft) 173 405 734 389
Turn Bay Length (ft) 125 85
Base Capacity (vph) 1183 1080 155 288 2108 136 1795
Starvation Cap Reductn 0 0 0 0 0 0 34
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.46 0.07 0.08 0.29 0.31 0.15 0.47

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 192 116 96 541 436 88
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 192 116 96 541 436 88
Pedestrians 2 1
Lane Width (ft) 12.0 12.0
Walking Speed (ft/s) 4.0 4.0
Percent Blockage 0 0
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 814
pX, platoon unblocked 0.80 0.80 0.80
vC, conflicting volume 900 439 526
vC1, stage 1 conf vol 438
vC2, stage 2 conf vol 462
vCu, unblocked vol 755 181 289
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s) 5.8
tF (s) 3.5 3.3 2.2
p0 queue free % 59 83 91
cM capacity (veh/h) 472 671 1031

Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 308 96 270 270 436 88
Volume Left 192 96 0 0 0 0
Volume Right 116 0 0 0 0 88
cSH 531 1031 1700 1700 1700 1700
Volume to Capacity 0.58 0.09 0.16 0.16 0.26 0.05
Queue Length 95th (ft) 92 8 0 0 0 0
Control Delay (s) 20.7 8.8 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 20.7 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 4.9
Intersection Capacity Utilization 56.0% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 3 3 182 305 3
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 3 3 182 305 3
Pedestrians 2
Lane Width (ft) 12.0
Walking Speed (ft/s) 4.0
Percent Blockage 0
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 185 99 94
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 99 94
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 66 100
cM capacity (veh/h) 1402 903 968

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 3 185 308
Volume Left 0 0 305
Volume Right 0 182 3
cSH 1402 1700 904
Volume to Capacity 0.00 0.11 0.34
Queue Length 95th (ft) 0 0 38
Control Delay (s) 0.0 0.0 11.0
Lane LOS B
Approach Delay (s) 0.0 0.0 11.0
Approach LOS B

Intersection Summary
Average Delay 6.8
Intersection Capacity Utilization 35.2% ICU Level of Service A
Analysis Period (min) 15
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Lane Group EBL EBT EBR WBL WBT NBL NBT NBR SBL SBT SBR
Lane Group Flow (vph) 64 896 391 446 722 244 242 501 48 49 39
v/c Ratio 0.43 0.61 0.48 0.77 0.40 0.70 0.68 0.71 0.39 0.36 0.19
Control Delay 56.5 30.9 12.2 53.4 20.5 50.3 49.4 9.7 57.7 55.7 2.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 56.5 30.9 12.2 53.4 20.5 50.3 49.4 9.7 57.7 55.7 2.1
Queue Length 50th (ft) 44 269 61 155 166 169 167 9 33 34 0
Queue Length 95th (ft) 86 #443 181 211 281 234 231 99 70 71 0
Internal Link Dist (ft) 3388 277 1252 356
Turn Bay Length (ft) 150 150 300 200 200 40 60
Base Capacity (vph) 262 1469 809 587 1823 449 455 768 273 302 331
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.24 0.61 0.48 0.76 0.40 0.54 0.53 0.65 0.18 0.16 0.12

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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