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Executive Summary 

The proposed Apothevert Dispensary would occupy the existing 3,847 square-foot building located at 15499 
Arnold Drive.  As proposed, the retail portion of the dispensary would occupy 1,891 square-feet and the remaining 
1,956 square-feet would be used for administrative and storage space.  The dispensary would operate Monday 
through Saturday from 10:00 a.m. to 7:00 p.m. and would have nine employees on a typical daily basis, with a 
maximum of five employees on-site at any one time. 

Based on standard trip generation rates, the proposed project would be expected to generate an average of 263 
net new daily trips, including 36 during the weekday p.m. peak hour and 68 during the weekend p.m. peak hour. 

The study area included the intersections of Arnold Drive/Madrone Road and SR 12/Madrone Road, both of which 
are currently operating acceptably at LOS C overall.  Upon adding trips associated with the proposed project, the 
study intersections would be expected to continue operating acceptably at LOS C overall.  Under Future volumes 
and with project traffic added, both study intersections are still expected to operate acceptably at LOS C or D 
overall. 

Existing stacking space for all turn lanes at both study intersections are adequate to accommodate the maximum 
projected queue lengths.  

Facilities providing access to the site via alternative modes, including pedestrians, bicyclists, and transit riders are 
adequate and will be improved as plans to expand the bike system are realized.  Racks or other structures to 
provide secure parking for at least four bicycles should be provided as part of the project. 

Access to the site is proposed to occur via Arnold Drive for dispensary guests and via Madrone Road for project 
employees.  Sight lines along Arnold Drive and Madrone Road from the project driveways are adequate.  Left-turn 
lanes are not warranted, and therefore not recommended, at the project’s driveways on Arnold Drive and Madrone 
Road. 

The south most parking space located in the employee parking lot should be eliminated to provide adequate 
circulation and access to employees parking in the northwest employee parking space.  Additionally, the applicant 
should provide one tandem parking space to accommodate the maximum number of five employees that will be 
on-site at any one time.  
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Introduction 

This report presents an analysis of the potential traffic impacts that would be associated with development of a 
proposed medical cannabis dispensary to be located at 15499 Arnold Drive in the County of Sonoma.  The traffic 
study was completed in accordance with the criteria established by the County of Sonoma, and is consistent with 
standard traffic engineering techniques.  The study presents all the information requested by County staff. 

Prelude 

The purpose of a traffic impact study is to provide County staff and policy makers with data they can use to make 
an informed decision regarding the potential traffic impacts of a proposed project, and any associated 
improvements that would be required to mitigate these impacts to a level of insignificance as defined by the 
County’s General Plan or other policies.  Vehicular traffic impacts are typically evaluated by determining the 
number of new trips that the proposed use would be expected to generate, distributing these trips to the 
surrounding street system based on existing travel patterns or anticipated travel patterns specific to the proposed 
project, then analyzing the impact the new traffic would be expected to have on critical intersections or roadway 
segments.  Impacts relative to access for pedestrians, bicyclists, and to transit are also addressed. 

Project Profile 

The proposed Apothevert Dispensary is a new medical cannabis dispensary that would repurpose the existing 
3,847 square foot building at 15499 Arnold Drive from its previous office and residential uses.  As proposed, the 
project would include 1,891 square feet of retail space and 1,956 square feet of storage and administrative space.  
The retail operation would operate Monday through Saturday between 10:00 a.m. and 7:00 p.m.  Nine employees 
are expected to be at the site on a typical daily basis, with a maximum of five at any one time.  The project location 
is shown in Figure 1. 

 



Traffic Impact Study for the Apothevert Dispensary
Figure 1 – Study Area, Lane Configurations and Existing Traffic Volumes
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Transportation Setting 

Operational Analysis 

Study Area and Periods 

The study area consists of the following intersections: 

1. Arnold Drive/Madrone Road 
2. SR 12/Madrone Road 

Operating conditions during the weekday p.m. and weekend peak periods were evaluated as these time periods 
reflect the highest traffic volumes areawide and for the proposed project.  The evening peak hour occurs between 
4:00 and 6:00 p.m. and typically reflects the highest level of congestion of the day during the homeward bound 
commute, while the weekend midday peak occurred between 3:00 and 5:00 p.m. 

Study Intersections 

Arnold Drive/Madrone Road is a four-legged all-way stop-controlled intersection; the project site is on the 
northeast corner of the intersection. 

SR 12/Madrone Road is a four-legged signalized intersection with protected left-turn phasing on the northbound 
and southbound SR 12 approaches.  The east leg of the intersection is a private driveway to the Hamel Family 
Winery.  There is split phasing for the eastbound Madrone Road and westbound driveway approaches.  Marked 
crosswalks exist at the west and south legs. 

The locations of the study intersections and the existing lane configurations and controls are shown in Figure 1. 

Collision History 

The collision history for the study area was reviewed to determine any trends or patterns that may indicate a safety 
issue.  Collision rates were calculated based on records available from the California Highway Patrol as published 
in their Statewide Integrated Traffic Records System (SWITRS) reports.  The most current five-year period available 
is January 1, 2013 through December 31, 2017. 

As presented in Table 1, the calculated collision rates for the study intersections were compared to average 
collision rates for similar facilities statewide, as indicated in 2014 Collision Data on California State Highways, 
California Department of Transportation (Caltrans).  Calculated collision rates for both study intersections were 
nearly equal to or lower than the statewide averages indicating that the intersections are generally operating 
within acceptable safety parameters.  The collision rate calculations are provided in Appendix A. 
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Table 1 – Collision Rates at the Study Intersections 

Study Intersection Number of Calculated Statewide Average 
Collisions Collision Rate Collision Rate 

(2013-2017) (c/mve) (c/mve) 

1. Arnold Drive/Madrone Road 6 0.34 0.32 

2. SR 12/Madrone Road 7 0.26 0.50 

Note: c/mve = collisions per million vehicles entering; Bold text indicates an above-average collision rate. 

 
Because the collision rate for Arnold Drive/Madrone Road was slightly higher than the statewide average, the 
crashes at this location were reviewed in greater detail.  All six of the collisions involved northbound vehicles only, 
with rear-end and side-swipe crashes being the predominant types and unsafe speed or improper turning being 
the most common primary collision factors.  With an injury rate of 16.7 percent versus a statewide average of 44.7 
percent, despite the above-average collision rate there does not appear to be a safety concern. 

Alternative Modes 

Pedestrian Facilities 

Pedestrian facilities include sidewalks, crosswalks, pedestrian signal phases, curb ramps, curb extensions, and 
various streetscape amenities such as lighting, benches, etc.  In general, a network of sidewalks and curb ramps 
provides access for pedestrians at the intersection of Arnold Drive/Madrone Road and into the residential 
neighborhoods near the project site.  There are limited pedestrian facilities along SR 12; however, given the rural 
character of the area along SR 12, very little pedestrian traffic would be expected. 

 Arnold Drive – Intermittent sidewalk coverage is provided on the east side of Arnold Drive, north of the Arnold 
Drive/Madrone Road intersection.  Lighting is provided by overhead street lights along the west side of Arnold 
Drive. 

 Madrone Road – Sidewalks are provided on both sides of Madrone Road between Arnold Drive and 
Maplewood Drive.  There are overhead street lights on the south side of Madrone Road. 

Bicycle Facilities 

The Highway Design Manual, Caltrans, 2017, classifies bikeways into four categories: 

 Class I Multi-Use Path – a completely separated right-of-way for the exclusive use of bicycles and pedestrians 
with cross flows of motorized traffic minimized. 

 Class II Bike Lane – a striped and signed lane for one-way bike travel on a street or highway. 
 Class III Bike Route – signing only for shared use with motor vehicles within the same travel lane on a street 

or highway. 
 Class IV Bikeway – also known as a separated bikeway, a Class IV Bikeway is for the exclusive use of bicycles 

and includes a separation between the bikeway and the motor vehicle traffic lane.  The separation may 
include, but is not limited to, grade separation, flexible posts, inflexible physical barriers, or on-street parking. 

In the project area, there are existing Class II bike lanes on Madrone Road.  Bicyclists ride in the roadway and on 
the roadway shoulders along all other streets within the project study area.  Table 2 summarizes the existing and 
planned bicycle facilities in the project vicinity, as contained in the Sonoma County Transportation Authority’s 
Countywide Bicycle and Pedestrian Master Plan, 2014. 
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Table 2 – Bicycle Facility Summary 

Status Class Length Begin Point End Point 
Facility (miles) 

Existing    

Madrone Road II 0.30 Arnold Dr Maplewood Dr 

Planned    

Agua Caliente II 0.83 Arnold Dr SR 12 

Arnold Drive II 3.47 Country Club Dr Chauvet Rd 

Madrone Road II 0.88 SR 12 Arnold Dr 

Sonoma Valley Trail I 12.64 Agua Caliente Rd Melita Rd 

Source: Countywide Bicycle and Pedestrian Master Plan, Sonoma County Transportation Authority, 2014 

 
Transit Facilities 

Sonoma County Transit (SCT) provides fixed route bus service in the County of Sonoma.  SCT Routes 30 and 38 
stops on both sides of Arnold Drive near the project frontage and provide regional service to destinations 
throughout Sonoma Valley and to San Rafael, respectively.  Route 30 operates seven days a week with 
approximately one-and-a-half hour headways on weekdays between 6:00 a.m. and 9:30 p.m. and approximately 
3-hour headways on weekends from 7:30 a.m. to 8:00 p.m.  Route 38 provides one trip for the morning commute 
from Kenwood to San Rafael and a return trip from San Rafael to Kenwood in the evening. 

Two to three bicycles can be carried on most SCT buses.  Bike rack space is on a first come, first served basis.  
Additional bicycles are allowed on SCT buses at the discretion of the driver. 

Dial-a-ride, also known as paratransit, or door-to-door service, is available for those who are unable to 
independently use the transit system due to a physical or mental disability.  SCT Paratransit is designed to serve 
the needs of individuals with disabilities within Santa Rosa and the greater County of Sonoma area. 
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Capacity Analysis 

Intersection Level of Service Methodologies 

Level of Service (LOS) is used to rank traffic operation on various types of facilities based on traffic volumes and 
roadway capacity using a series of letter designations ranging from A to F.  Generally, Level of Service A represents 
free flow conditions and Level of Service F represents forced flow or breakdown conditions.  A unit of measure 
that indicates a level of delay generally accompanies the LOS designation. 

The study intersections were analyzed using methodologies published in the Highway Capacity Manual (HCM), 
Transportation Research Board, 2010.  This source contains methodologies for various types of intersection 
control, all of which are related to a measurement of delay in average number of seconds per vehicle. 

The study intersection of Arnold Drive/Madrone Road, which has stop signs on all approaches, was analyzed using 
the “All-Way Stop-Controlled” Intersection methodology from the HCM.  This methodology evaluates delay for 
each approach based on turning movements, opposing and conflicting traffic volumes, and the number of lanes.  
Average vehicle delay is computed for the intersection, and is then related to a Level of Service. 

The signalized study intersection of SR 12/Madrone Road was evaluated using the signalized methodology from 
the HCM.  This methodology is based on factors including traffic volumes, green time for each movement, phasing, 
whether or not the signals are coordinated, truck traffic, and pedestrian activity.  Average stopped delay per 
vehicle in seconds is used as the basis for evaluation in this LOS methodology.  For purposes of this study, delays 
were calculated using actual signal timing provided by Caltrans. 

The ranges of delay associated with the various levels of service are dictated in Table 3 . 

Table 3 – Intersection Level of Service Criteria 

LOS All-Way Stop-Controlled Signalized 

A Delay of 0 to 10 seconds.  Upon stopping, drivers are Delay of 0 to 10 seconds.  Most vehicles arrive during 
immediately able to proceed. the green phase, so do not stop at all. 

B Delay of 10 to 15 seconds.  Drivers may wait for one Delay of 10 to 20 seconds.  More vehicles stop than 
or two vehicles to clear the intersection before with LOS A, but many drivers still do not have to stop. 
proceeding from a stop. 

C Delay of 15 to 25 seconds.  Drivers will enter a queue Delay of 20 to 35 seconds.  The number of vehicles 
of one or two vehicles on the same approach, and stopping is significant, although many still pass 
wait for vehicle to clear from one or more through without stopping. 
approaches prior to entering the intersection. 

D Delay of 25 to 35 seconds.  Queues of more than two Delay of 35 to 55 seconds.  The influence of 
vehicles are encountered on one or more congestion is noticeable, and most vehicles have to 
approaches. stop. 

E Delay of 35 to 50 seconds.  Longer queues are Delay of 55 to 80 seconds.  Most, if not all, vehicles 
encountered on more than one approach to the must stop and drivers consider the delay excessive. 
intersection. 

F Delay of more than 50 seconds.  Drivers enter long Delay of more than 80 seconds.  Vehicles may wait 
queues on all approaches. through more than one cycle to clear the intersection. 

Reference: Highway Capacity Manual, Transportation Research Board, 2010 
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Traffic Operation Standards 

Based on the most recent criteria published by the County of Sonoma in May 2016, the project would have a 
significant traffic impact if it results in any of the following conditions. 

1. On-site roads and frontage improvements – Proposed on-site circulation and street frontage would not 
meet the County’s minimum standards for roadway or driveway design, or potentially result in safety hazards, 
as determined by the County in consultation with a registered Traffic Engineer or Civil Engineer. 

2. Parking – Proposed on-site parking supply does not meet County standards and does not adequately 
accommodate parking demand. 

3. Emergency Access – The project site would have inadequate emergency access. 

4. Alternative Transportation – The project provides inadequate facilities for alternative transportation modes 
(e.g., bus turnouts, bicycle racks, pedestrian pathways) and/or the project creates potential conflicts with the 
County’s Complete Streets Policy, other adopted policies, plans, or programs supporting alternative 
transportation. 

5. Road Hazards – Road design features that do not meet standards (e.g., sharp curves or skewed intersections) 
or any perceived incompatible uses (e.g., farm equipment, major bicycle route, rail or pedestrian crossings). 

6. Vehicle Queues – Project causes or exacerbates 95th percentile turning movement queues exceeding 
available turn pocket capacity. 

7. Signal Warrants – The addition of the project's vehicle or pedestrian traffic causes an intersection to meet or 
exceed Caltrans or CA-MUTCD signal warrant criteria. 

8. Turn Lanes – The addition of project traffic causes an intersection to meet or exceed criteria for provision of 
a right or left turn lane on an intersection approach. 

9. Sight Lines – The project constructs an unsignalized intersection (including driveways) and/or adds traffic to 
an existing unsignalized intersection approach that does not have adequate sight lines based upon Caltrans 
criteria for State highway intersections and AASHTO criteria for County roadway intersections. 

10. County Intersection Operations – The County level of service standard for County intersection operations is 
to maintain a Level of Service D or better pursuant to General Plan Policy CT-4.2.  The project would have a 
significant traffic impact if the project's traffic would cause an intersection currently operating at an 
acceptable level of service (LOS D or better) to operate at an unacceptable level (LOS E or worse). 

If the intersection currently operates or is projected to operate below the County standard, the project's 
impact is considered significant and cumulatively considerable if it causes the average delay to increase by 
five seconds or more.  The delay will be determined by comparing intersection operations with and without 
the project's traffic for both the existing baseline and projected future conditions. 

The above criterion applies to all controlled intersections except for driveways and minor side streets that have less 
than 30 vehicle trips per hour per approach or exclusive left turn movement. 

11. County Roadway Operations – The County level of service standard for County roadway operations is to 
maintain a Level of Service C pursuant to General Plan Policy CT-4.1; or, for specific roadway segments, the 
level of service standard adopted in the General Plan Figure CT-3.  The project would have a significant traffic 
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impact if the project's traffic would cause a road currently operating at an acceptable level of service (LOS C 
or better) to operate at an unacceptable level (LOS D or worse). 

If a road segment currently operates or is projected to operate below the County standard, the project's 
impact is considered significant and cumulatively considerable if it causes the average speed to decrease by 
2 mph for a roadway operating at LOS D without the project, 1 mph if existing operation is LOS E, and any 
reduction in travel speed is significant for a roadway operating at LOS F.  The change will be determined by 
comparing roadway conditions with and without the project's traffic for both the existing baseline and 
projected future conditions. 

12. State Highways – Caltrans' general level of service policy on State highways is to maintain the level of service 
at the transition between LOS C and LOS D.  However, level of service goals for specific Caltrans facilities 
should be taken from transportation planning documents for that facility.  A project would have a significant 
impact if the project traffic would cause the operation of a State highway to operate below LOS C.  If a State 
highway currently operates or is projected to operate below the standard, the project's impact is considered 
significant and cumulatively considerable if it does not maintain the existing "measure of effectiveness."  
Measures of effectiveness are: (a) control delay per vehicle for signalized intersections; (b) average control 
delay per vehicle for unsignalized intersections; (c) average speed for two-lane highways, and (d) density for 
multi-lane highways. 

13. Mitigation Measures – In order to reduce project impacts to levels of insignificance, the proposed mitigation 
measures must result in post-development affected intersections and roadways that have an LOS that is no 
worse than the County General Plan LOS standard for roadways and intersections, reduce safety impacts to 
insignificance by bringing the site up to Caltrans or AASHTO design standards, and provide adequate parking 
and alternative transportation facilities consistent with County plans and policies.  The scope of the mitigation 
measures must reduce the project impacts below the identifiable thresholds mentioned. 

The payment of County wide traffic impact fees in and of itself may not be adequate to mitigate a project’s 
local impacts if the existing facilities are already below standard, and the required improvements are not fully 
funded or programmed to be operational at the time of project completion.  The timing of the mitigation 
measure implementation may require construction of off-site improvements by the developer using a 
Reimbursement Agreement to pay for any oversized facilities associated with the public share of the 
improvement pursuant to Section 26-670 of the Sonoma County Code.  Traffic impact fees do not address 
specific impacts related to a particular project.  Payment of the traffic impact fee only mitigates or addresses 
cumulative countywide impacts related to projects that are programmed or listed to be funded by the fees 
on file with DTPW. 

The project’s contribution to cumulative impacts must also be addressed in proportion to the project’s impact.  
A proportional fair share contribution to a traffic improvement related to a cumulative impact may be 
required based on the “Methodology for Calculating Equitable Mitigation Measures” included in Caltrans’ 
Guide for the Preparation of Traffic Impact Studies, 2002.  Mitigation measures for both project impacts and 
cumulative impacts must be implemented prior to occurrence of the impact.  An analysis of the timing, 
funding and responsibilities for implementation of mitigation measures should be included in the traffic 
study. 

Existing Conditions 

The Existing Conditions scenario provides an evaluation of current operation based on existing traffic volumes 
during the weekday and weekend evening peak periods.  This condition does not include project-generated traffic 
volumes.  Counts were obtained at the study intersections in November 2017 and May 2018, while local schools 
were in session. 



Intersection Levels of Service 

The study intersections are currently operating acceptably at LOS C during both peak periods studied.  The 
existing traffic volumes are shown in Figure 1.  A summary of the intersection level of service calculations is 
contained in Table 4, and copies of the Level of Service calculations are provided in Appendix B. 

Table 4 – Existing Peak Hour Intersection Levels of Service 

Study Intersection PM Peak

Delay LOS 

Weekend 

Delay 

Peak 

LOS 

1. Arnold Dr/Madrone Rd 17.8 C 15.5 C

2. SR 12/Madrone Rd 21.2 C 20.4 C

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 

Future Conditions 

Segment volumes for the horizon year of 2040 were obtained from the County’s gravity demand model as 
maintained by the Sonoma County Transportation Authority (SCTA) and translated to turning movement volumes 
at the study intersection using the “Furness” method.  The Furness method is an iterative process that employs 
existing turn movement data, existing link volumes, and future link volumes to project likely turning future 
movement volumes at intersections.  Because the County’s model does not include future volume projections for 
the weekend peak period, growth rates were calculated from the weekday evening projections and applied to the 
weekend peak hour counts.  

Under the anticipated Future volumes, the study intersections are expected to operate acceptably at LOS C or D 
during both peak hours.  Future volumes are shown in Figure 2 and operating conditions are summarized in Table 
5. 

Table 5 – Future Peak Hour Intersection Levels of Service 

Study Intersection PM Peak Weekend Peak 

Delay LOS Delay LOS 

1. Arnold Dr/Madrone Rd 27.6 D 25.3 D

2. SR 12/Madrone Rd 23.5 C 22.7 C

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service  

Project Description 

The project is a proposed medical cannabis dispensary which will be housed in an existing 3,847 square foot 
building previously occupied by Globalmed Technologies commercial offices.  The existing upper floor of the 
building includes a small office and a single residential unit that would be converted to storage space upon project 
completion.  The retail portion of the dispensary would occupy 1,891 square feet.  The dispensary would operate 
Monday through Saturday between 10:00 a.m. and 7:00 p.m.  Project patrons would access the site via the existing 
driveway on Arnold Drive.  Project employees and vendors would access the site via the existing driveway on 
Madrone Road.  The proposed project site plan is shown in Figure 3. 
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Trip Generation 

The anticipated trip generation for the proposed project was estimated using standard rates published by the 
Institute of Transportation Engineers (ITE) in Trip Generation Manual, 10th Edition, 2017.  This publication has a new 
land use for “marijuana dispensary” (LU# 882), and these rates were applied to the 1,891 square-foot retail portion 
of the dispensary.  It is noted that the daily rate included in the manual is based on a small sample size of four 
studies; two of the data points are outliers that appear to overestimate the number of daily trips produced by a 
dispensary of the size of the proposed project.  The two outliers were identified as the data points farthest from 
the fitted line and included one point above the line and another below it.  To calculate a rate that appears to 
more reasonably estimate daily trips, these outliers were removed and the average ratio of daily to evening peak 
hour trips for the remaining two samples was calculated and applied to the square footage of the proposed 
dispensary.  The published ITE rates for the peak hour were applied with no adjustments.   

The trip generation for that portion of the building not dedicated to retail was estimated using standard rates for 
“General Light Industrial” (LU #110) as it was determined to be most representative of the processing, storage, and 
receiving space collectively.  Because the site is currently occupied by the existing office space and single 
residential unit, the trip generation of the existing use was considered using rates for “Small Office Building” (LU# 
712) and “Multifamily Housing (Low-Rise)” (LU# 220).  Based on application of these standard rates, the proposed 
project is expected to generate 263 net new primary trips per day, including 36 trips during the p.m. peak hour on 
weekdays, and 68 trips during the p.m. peak hour on Saturdays.  These results are summarized in Table 6. 

Table 6 – Trip Generation Summary 

Land Use Units Daily Weekday PM Peak Hour Weekend PM Peak Hour 

  Rate Trips Rate Trips In Out Rate Trips In Out 

Existing           

Small Office Building 1.891 ksf 16.19 31 2.45 5 1 4 0.40 1 0 1 

Multifamily Housing 1 du 7.32 7 0.56 1 1 0 0.70 1 0 1 
(Low-Rise) 

Sub-total   38  6 2 4  2 0 2

Proposed Project           

Marijuana Dispensary 1.891 ksf 154.0* 291 21.83 41 21 20 36.43 69 34 35 

Gen‘l Light Industrial 1.956 ksf 4.96 10 0.63 1 0 1 0.41 1 0 1 

Net Increase in Trips   263  36 19 17  68 34 34 

Note: ksf = 1,000 square feet; du = dwelling unit; * = ITE Rate with two outliers removed 

It is noted that the daily rate with all data points considered for the dispensary land use estimates 252.7 trips per 
thousand square-feet.  Application of this rate for the 1,891 square-foot dispensary indicates that it would 
generate 478 trips per day for a net new daily trip generation of 450 trips.  However, it was reasonably assumed 
that this would be an overestimate of the project’s potential trip generation.  Given that the project would operate 
nine hours a day, assuming a ten-hour day to account for employees arriving and departing outside these hours, 
a trip generation estimate of 478 daily trips would translate to an average of 48 trips per hour.  Applying the daily 
rate with the outliers removed results in an estimate of 291 trips per day, translating to an average of 29 trips per 
hour, which appears more reasonable as this estimate is closer to the average of 39 trips per hour estimated based 
on standard rates for the highest four hours of the day.  The ITE trip generation rates for the morning and evening 
peak hours both on the adjacent street system and at the site together with the average rates for these four hours 
are shown in Table 7. 
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Table 7 – Average of ITE Peak Hour Rates 

Time Period Average Rate Peak Hour Trips 

AM Peak Hour of Adjacent Street Traffic 10.44 20 

AM Peak Hour of Generator 20.88 39 

PM Peak Hour of Adjacent Street Traffic 21.83 41 

PM Peak Hour of Generator 29.93 57 

Average  39

Trip Distribution 

The pattern used to allocate new project trips to the street network was developed based on turning movements 
at the study intersections and are shown in Table 8. 

Table 8 – Trip Distribution Assumptions 

Route Percent

From/to the north via Arnold Drive 10 

From/to the north via SR12 40 

From/to the south via Arnold Drive 25 

From/to the south via SR12 25 

TOTAL 100

Intersection Operation 

Existing plus Project Conditions 

Upon the addition of project-related traffic to the Existing volumes, the study intersections are expected to 
continue operating acceptably at LOS C.  These results are summarized in Table 9.  Project and Existing plus Project 
traffic volumes are shown in Figure 4. 

Table 9 – Existing and Existing plus Project Peak Hour Intersection Levels of Service 

Study Intersection Existing Conditions Existing plus Project

PM Peak Weekend Peak PM Peak Weekend Peak 

Delay LOS Delay LOS Delay LOS Delay LOS 

1. Arnold Dr/Madrone Rd 17.8 C 15.5 C 18.6 C 16.5 C 

2. SR 12/Madrone Rd 21.2 C 20.4 C 21.4 C 20.9 C 

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 

Finding – The study intersections are expected to continue operating acceptably with project traffic added to 
existing volumes, at the same Levels of Service as without it. 
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1

2

Madrone Rd

A
rnold D

r

Hw
y 12

Morningside
Mountain Dr

Private 

Driveway

12

Project Site

sox644.ai 6/18

North

Not to Scale

(1
34

){1
35

}
(5

57
){5

58
}

(4
)  

  {
3}

{120}(121)
{0}    (1)

{71}  (65)

{6
5}

  (
80

)
{4

75
}(5

40
)

{1
}  

  (
1)

(3){1}
(2){1}
(4){2}

2

(8
){1

4}
(0

){0
}

(0
){0

}

{13}(7)
{0}(0)
{9}(4) {9

}(5
)

{0
}(0

)
{0

}(0
)

(0){0}
(0){0}
(0){0}

2

(1
)  

  {
0}

(2
77

){3
07

}
(5

5)
  {

61
}

{0}(3)
{0}(1)
{2}(3)

{0
}  

  (
1)

{2
48

}(2
55

)
{1

53
}(1

70
)

(56)  {67}
(0)    {2}
(166){132}

1

(0
)  

{0
}

(3
)  

{8
}

(1
0)

{2
0}

{0}(0)
{0}(0)
{0}(0) {0

}(0
)

{8
}(5

)
{1

}(1
)

(12){21}
(0)  {0}
(1)  {1}

1
{xx} Weekend PM Peak Hour Volume
(xx) Weekday PM Peak Hour Volume

Study Intersection
LEGEND

Project

Existing plus Project



16 
Traffic Impact Study for the Apothevert Dispensary 

    July 24, 2018 

Future plus Project Conditions 

Upon the addition of project-generated traffic to the anticipated Future volumes, the study intersections are 
expected to continue operating acceptable at LOS C or D.  The Future plus Project operating conditions are 
summarized in Table 10 and Future plus Project traffic volumes are shown in Figure 5. 

Table 10 – Future and Future plus Project Peak Hour Intersection Levels of Service 

Study Intersection Future Conditions Future plus Project 

PM Peak Weekend Peak PM Peak Weekend Peak 

Delay LOS Delay LOS Delay LOS Delay LOS 

1. Arnold Dr/Madrone Rd 27.6 D 25.3 D 29.5 D 28.3 D

2. SR 12/Madrone Rd 23.5 C 22.7 C 23.8 C 23.6 C

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 

Finding – The study intersections are expected to operate at acceptable LOS C or D upon the addition of project-
generated traffic to anticipated future volumes. 

Queuing 

Under each scenario, the projected 95th percentile queues in dedicated turn pockets at the study intersections 
were determined using Vistro.  Summarized in Table 11 are the predicted queue lengths for dedicated turn lanes 
on the approaches to the two study intersections.  It is noted that because the westbound approach to Arnold 
Drive/Madrone Road has a left-turn pocket that extends east of the Glenwood Drive/Madrone Road intersection, 
the available stacking space includes the total length of the left-turn pocket. 

Table 11 – 95th Percentile Queues Exceeding Available Storage 

Study Intersection Available 95th Percentile Queues 
Approach Storage PM Peak Hour Saturday Peak Hour 

 E E+P F F+P E E+P F F+P 

Arnold Dr/Madrone Rd         

Southbound Left-Turn 90 8 10 12 15 7 10 9 13 

Westbound Left-Turn 205 44 45 50 52 30 31 45 46 

SR 12/Madrone Rd         

Northbound Left-turn 145 49 53 86 91 36 43 61 69 

Southbound Right-turn 300 35 40 38 42 33 41 53 62 

Notes: 95th Percentile Queue based on the Vistro operational analysis output; all distances are measured in feet; E = 
existing conditions; E+P = existing plus project conditions; F = future conditions; F+P = future plus project 
conditions 

Finding – Existing stacking space for all turn lanes at the study intersections are sufficient to accommodate queues 
with project traffic added.  The project does not cause any queues to exceed available storage.  
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Alternative Modes 

Pedestrian Facilities 

Given the proximity of agricultural land uses and suburban residential uses, it is reasonable to assume that most 
dispensary visitors and employees will travel to and from the site by private automobile.  Therefore, the dispensary 
is expected to generate little pedestrian travel.  Existing sidewalks along both sides of Madrone Road and along 
the east side of Arnold Drive provide pedestrian connections to people who may wish to access the site from the 
nearby residential areas.  Both the bus stops located on Arnold Drive are served by sidewalks and are located close 
to the dispensary. 

Finding – Pedestrian facilities serving the project site are adequate. 

Bicycle Facilities 

Existing roadway shoulders and shared use of local streets along with the planned future bicycle facilities, 
including the future Sonoma Valley Trail paralleling SR 12, will provide adequate access for bicyclists. 

Bicycle Storage 

The project should provide bicycle parking consistent with the requirements outlined in Article 86 of the County 
of Sonoma Code of Ordinances, which states that one bicycle parking space should be provided for every five 
required automobile parking spaces.  With a proposed supply of 17 total vehicle parking spaces for normal daily 
visitation and operation, parking for four bicycles is needed.  The project plans include bicycle parking near the 
front entrance for guests and in the back area for employees, but do not indicate how many spaces are to be 
provided. 

Finding – Bicycle facilities are adequate to serve the expected demand, and would be improved upon installation 
of the planned future bicycle facilities. 

Recommendation – Parking to secure at least four bicycles should be provided on-site. 

Transit 

Existing transit routes are adequate to accommodate project-generated transit trips.  Existing stops are located 
within 200 feet of the site. 

Finding – Transit facilities serving the project site are adequate. 
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Access and Circulation 

Site Access  

The dispensary will be accessed via the two existing driveways on Arnold Drive and Madrone Road.  There would 
be a dedicated parking lot for patients on the north side of the property that would be accessed via the Arnold 
Road driveway.  The parking lot south of the building would be dedicated for employee and vendor parking and 
would be accessed via the driveway on Madrone Road.   

Sight Distance 

At driveways, a substantially clear line of sight should be maintained between the driver of a vehicle waiting on 
the driveway and the driver of an approaching vehicle.  Sight distances along Arnold Drive and Madrone Road at 
the project driveways were evaluated based on stopping sight distance criteria contained in A Policy on Geometric 
Design on Highways and Streets published by American Association of State Highway and Transportation Officials 
(AASHTO).  Because Madrone Road and Arnold Drive are generally straight and flat near the project site, sight 
distances were measured based on aerial photography available on Google Earth.  It is noted both project 
driveways are located near the all-way stop-controlled intersection of Arnold Drive and Madrone Road; therefore, 
it is reasonable to assume that vehicle speeds on both streets will be lower than the posted limits as vehicles will 
be stopping at the intersection, which is within about 100 feet of each driveway. 

Based on a posted speed limit of 25 mph on Madrone Road, the minimum stopping sight distance needed is 155 
feet.  Sight lines at the driveway on Madrone Road extend west to the all-way stop-controlled intersection of Arnold 
Drive/Madrone Road and while this is only about 100 feet from the driveway, speeds would be less than 25 mph as 
drivers stop and then turn into eastbound Madrone Road, so the available sight lines are adequate.  Looking west 
along Madrone Road sight lines are clear for more than 400 feet, which would be adequate for travel speeds of up to 
45 mph, which is substantially higher than the posted speed limit as well as the actual speeds of drivers approaching 
a stop-controlled intersection.  

Stopping sight distance at the Arnold Drive access was evaluated based on a 35-mph posted speed limit.  From 
the requisite 15-foot setback, drivers exiting the project driveway on Arnold Drive have clear sight lines that 
extend past the Arnold Drive/Madrone Road intersection to the south, which at about 130 feet is less than the 
required amount for the speed limit but is adequate for the actual speed of traffic coming out of the stop-
controlled intersection. To the north, sight lines extend up to 250 feet north along Arnold Drive, which is adequate 
for drivers approaching at the posted speed limit of 35 mph.  Again, because of the proximity to a stop-controlled 
intersection, drivers will typically be traveling at speeds below the posted speed limit. 

Finding – Sight distances from the project driveways on Arnold Drive and Madrone Road are adequate.   

Access Analysis 

Left-Turn Lane Warrants 

The need for left-turn lanes on Arnold Drive and Madrone Road at the project driveways were evaluated based on 
criteria contained in the Intersection Channelization Design Guide, National Cooperative Highway Research 
Program (NCHRP) Report No. 279, Transportation Research Board, 1985, as well as a more recent update of the 
methodology developed by the Washington State Department of Transportation.  The NCHRP report references a 
methodology developed by M. D. Harmelink that includes equations that can be applied to expected or actual 
traffic volumes to determine the need for a left-turn pocket based on safety issues.  Future plus Project weekday 
evening peak hour volumes as well as safety criteria were evaluated.  Based on these conditions, which are 
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representative of the highest number of project-generated trips and therefore worst-case conditions, a left-turn 
lane is not warranted on Arnold Drive or Madrone Road at the project driveways.  A copy of the warrant analysis 
is provided in Appendix C. 

On-Site Circulation 

The AutoTURN application of AutoCAD was used to evaluate the adequacy of on-site passenger vehicle access for 
the proposed parking layout.  The results are provided in Appendix C.  

Finding – The parking lot as designed includes a parking space on the southwest corner that blocks access to 
parking spaces in the northwest corner of the employee lot.  

Recommendation – The applicant should eliminate the southwest parking space in the employee lot to provide 
adequate access for employees parking in the northwest space. 



21 
Traffic Impact Study for the Apothevert Dispensary 
July 24, 2018 

Parking 

The project was analyzed to determine whether the proposed parking supply would be sufficient to meet the 
County’s zoning requirements.  The project plan shows a supply of 17 parking spaces, including 11 guest, one van 
accessible, and five employee spaces.  One space in the employee lot would need to be eliminated to provide 
adequate circulation for that lot, resulting in a supply of 16 spaces.  The proposed project would include two shifts 
per day.  The maximum shift would occur from 10:00 a.m. to 3:30 p.m., during which there would be four 
employees including one management, two sales, and one receptionist.  One cleaning employee would also be 
scheduled during this shift, but would only come in for one hour.  

Parking supply requirements for the County of Sonoma are based on the County’s Code of Ordinances, Article 86 
Section 26-86-010, Required Parking.  The proposed project would be required to provide 16 spaces.  With an 
anticipated supply of 16 spaces, the project’s supply would meet the County’s Requirement.  It is noted that the 
four employee spaces would account for the parking demand generated by the remaining 1,956 square feet of 
the building used for processing, storage, and receiving space collectively.    A summary of the County’s parking 
requirements is shown in Table 12. 

Table 12 – Parking Analysis Summary 

Land Use 

  

Units Supply 
(spaces) 

City Requirements 

Rate Spaces
Required 

Medical cannabis 1.891 12 Guest,      2 spaces, including at least 1 van-accessible 12 Guest, 
dispensary ksf 4 Employee space; plus 1 additional space for every 200 4 Employee 

square feet of gross floor area, plus 1 additional 
space for each employee on maximum shift; but 
in no case less than 5 off-street parking spaces 

Total  16  16

Notes: du = dwelling unit; ksf = 1,000 square feet 

 

Finding – The parking supply as proposed is adequate to meet the County’s requirements.  It is noted that one 
cleaning employee will be on-site for one hour a day; therefore, the maximum number of employees on-site 
during the maximum shift would be five during the hour the janitorial employee is scheduled. 

Recommendation – It is recommended that the applicant provide one tandem parking space in the employee lot 
to accommodate the cleaning employee.  
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Conclusions and Recommendations 

Conclusions 

 The proposed project is expected to generate an average of 263 net new trips per day, including 36 weekday 
p.m. peak hour trips and 68 trips during the p.m. peak hour on weekends. 

 Under Existing conditions, the study intersections operate acceptably at LOS C during both peak periods and 
they would be expected to continue operating at these service levels with the addition of project traffic. 

 Under anticipated future volumes, the study intersections are expected to continue operating acceptably at 
LOS C or D overall during both peak hours and upon the addition of project. 

 Projected queue lengths are less than the available stacking space at both study intersections under all 
volume scenarios. 

 Existing Class II bike lanes on Madrone Road and planned future bicycle facilities would provide adequate 
access to the site. 

 While few transit trips to and from the site are expected, the available transit facilities are adequate to serve 
those that may occur. 

 Sight distances on Arnold Drive and Madrone Road at the project driveways are adequate. 

 Left-turn lanes are not warranted on Arnold Drive or Madrone Road at the project driveways. 

 The proposed parking supply is adequate to meet County requirements.  

Recommendations 

 Secure parking facilities for at least four bicycles should be provided on-site. 

 The parking space on the south side of the employee parking lot should be eliminated to provide adequate 
site circulation and access to the parking space in the northwest corner of the lot. 

 The applicant should provide one tandem parking stall to accommodate the janitorial employee that will be 
on-site for one hour per day. 
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Appendix A 

Collision Rate Calculations 





Intersection Collision Rate Calculations

Apothevert Dispensary TIS

Intersection # 1: Arnold & Madrone Road

Date of Count:  Saturday, January 00, 1900

Number of Collisions:  6
Number of Injuries:  1

Number of Fatalities:  0
ADT:  9600

Start Date:  January 1, 2013
End Date:  December 31, 2017

Number of Years:  5

Intersection Type:  Four-Legged
Control Type:  4 Way Stop

Area:  Suburban

Number of Collisions x 1 Million
collision rate =  

ADT x 365 Days per Year x Number of Years

6 x 1,000,000
collision rate =  

9,600 x 365 x 5

Collision Rate Fatality Rate Injury Rate
Study Intersection  0.34 c/mve 0.0% 16.7%

Statewide Average*  0.32 c/mve 0.4% 44.7%

ADT = average daily total vehicles entering intersection 
c/mve = collisions per million vehicles entering intersection
*  2013 Collision Data on California State Highways, Caltrans

Intersection # 2: SR 12 & Madrone Road

Date of Count:  Saturday, January 00, 1900

Number of Collisions:  7
Number of Injuries:  3

Number of Fatalities:  0
ADT:  14900

Start Date:  January 1, 2013
End Date:  December 31, 2017

Number of Years:  5

Intersection Type:  Four-Legged
Control Type:  Signals

Area:  Rural

Number of Collisions x 1 Million
collision rate =  

ADT x 365 Days per Year x Number of Years

7 x 1,000,000
collision rate =  

14,900 x 365 x 5

Collision Rate Fatality Rate Injury Rate
Study Intersection  0.26 c/mve 0.0% 42.9%

Statewide Average*  0.50 c/mve 0.8% 36.4%

ADT = average daily total vehicles entering intersection 
c/mve = collisions per million vehicles entering intersection
*  2013 Collision Data on California State Highways, Caltrans

W-Trans
6/15/2018
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Intersection Level of Service Calculations 





Generated with

Version 5.00-05

Intersection Level Of Service Report
Intersection 1: Arnold Drive/Madrone Road

Control Type: All-way stop Delay (sec / veh): 17.8
Analysis Method: HCM 2010 Level Of Service: C
Analysis Period: 15 minutes Volume to Capacity (v/c): 0.742

Intersection Setup

Name Arnold Drive Arnold Drive Madrone Road Madrone Road 0.01 6.55 0.31 3.03 0.04 1.76 0.28

Approach Northbound Southbound Eastbound Westbound 0.13 163.84 7.63 75.83 1.08 44.04 6.88

Approach Delay [s/veh] 22.65 14.43 10.43 13.33
Lane Configuration

Approach LOS C B B B
Turning Movement Left Thru Right Left Thru Right Left Thru Right Left Thru Right Intersection Delay [s/veh] 17.78

Lane Width [ft] 12.00 12.00 12.00 12.00 12.00 12.00 10.00 10.00 10.00 12.00 12.00 12.00 Intersection LOS C
No. of Lanes in Pocket 1 0 0 1 0 0 0 0 0 1 0 0

Pocket Length [ft] 60.00 100.00 100.00 70.00 100.00 100.00 100.00 100.00 100.00 190.00 100.00 100.00

Speed [mph] 35.00 45.00 25.00 25.00

Grade [%] 0.00 0.00 0.00 0.00

Crosswalk No No No No

Volumes

Name Arnold Drive Arnold Drive Madrone Road Madrone Road

Base Volume Input [veh/h] 1 250 169 45 274 1 3 1 3 165 0 44

Base Volume Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Heavy Vehicles Percentage [%] 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Growth Rate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

In-Process Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Site-Generated Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Diverted Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Pass-by Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Existing Site Adjustment Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Other Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Total Hourly Volume [veh/h] 1 250 169 45 274 1 3 1 3 165 0 44

Peak Hour Factor 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800

Other Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Total 15-Minute Volume [veh/h] 0 71 48 13 78 0 1 0 1 47 0 13

Total Analysis Volume [veh/h] 1 284 192 51 311 1 3 1 3 188 0 50

Pedestrian Volume [ped/h] 0 0 0 0

1

W-Trans

PM Existing

Apothevert Dispensary TIS

2

W-Trans

PM Existing

Apothevert Dispensary TIS

Generated with

Version 5.00-05

Intersection Settings

Lanes

Capacity per Entry Lane [veh/h] 562 641 550 596 491 494 593

Degree of Utilization, x 0.00 0.74 0.09 0.010.52 0.38 0.08

Movement, Approach, & Intersection Results

95th-Percentile Queue Length [veh]

95th-Percentile Queue Length [ft]
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Version 5.00-05

Intersection Level Of Service Report
Intersection 2: SR 12/Madrone Rd

Control Type: Signalized Delay (sec / veh): 21.2
Analysis Method: HCM 2010 Level Of Service: C
Analysis Period: 15 minutes Volume to Capacity (v/c): 0.664

Intersection Setup

Name SR 12 SR 12 Madrone Road Winery Driveway

Approach Northbound Southbound Eastbound Westbound

Lane Configuration

Turning Movement Left Thru Right Left Thru Right Left Thru Right Left Thru Right

Lane Width [ft] 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00

No. of Lanes in Pocket 1 0 0 1 0 1 0 0 0 0 0 0

Pocket Length [ft] 120.00 100.00 100.00 120.00 100.00 270.00 100.00 100.00 100.00 100.00 100.00 100.00

Speed [mph] 50.00 50.00 30.00 25.00

Grade [%] 0.00 0.00 0.00 0.00

Crosswalk Yes No Yes No

Volumes

Name SR 12 SR 12 Madrone Road Winery Driveway

Base Volume Input [veh/h] 75 540 1 4 557 126 114 1 61 4 2 3

Base Volume Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Heavy Vehicles Percentage [%] 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Growth Rate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

In-Process Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Site-Generated Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Diverted Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Pass-by Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Existing Site Adjustment Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Other Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Right-Turn on Red Volume [veh/h] 0 0 0 0 0 44 0 0 41 0 0 3

Total Hourly Volume [veh/h] 75 540 1 4 557 82 114 1 20 4 2 0

Peak Hour Factor 0.9600 0.9600 0.9600 0.9600 0.9600 0.9600 0.9600 0.9600 0.9600 0.9600 0.9600 0.9600

Other Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Total 15-Minute Volume [veh/h] 20 141 0 1 145 21 30 0 5 1 1 0

Total Analysis Volume [veh/h] 78 563 1 4 580 85 119 1 21 4 2 0

Presence of On-Street Parking No No No No No No No No

On-Street Parking Maneuver Rate [/h] 0 0 0 0 0 0 0 0 0 0 0 0

Local Bus Stopping Rate [/h] 0 0 0 0 0 0 0 0 0 0 0 0

Pedestrian Volume [ped/h] 0 0 0 0

Bicycle Volume [bicycles/h] 0 0 0 0
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Intersection Settings

Located in CBD No

Signal Coordination Group -

Cycle Length [s] 120

Coordination Type Time of Day Pattern Isolated

Actuation Type Fully actuated

Offset [s] 0.0

Offset Reference LeadGreen

Permissive Mode SingleBand

Lost time [s] 23.00

Phasing & Timing

Control Type Protecte Permiss Permiss Protecte Permiss Permiss Split Split Split Split Split Split

Signal group 1 6 0 5 2 0 0 4 0 0 3 0

Auxiliary Signal Groups

Lead / Lag Lead - - Lead - - - - - - - -

Minimum Green [s] 11 15 0 11 15 0 0 12 0 0 12 0

Maximum Green [s] 25 80 0 25 80 0 0 25 0 0 25 0

Amber [s] 5.2 5.2 0.0 5.2 5.2 0.0 0.0 4.8 0.0 0.0 4.1 0.0

All red [s] 1.0 1.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 0.0 1.0 0.0

Split [s] 32 86 0 31 86 0 0 31 0 0 30 0

Vehicle Extension [s] 3.0 3.0 0.0 3.0 3.0 0.0 0.0 3.0 0.0 0.0 3.0 0.0

Walk [s] 0 0 0 0 7 0 0 7 0 0 0 0

Pedestrian Clearance [s] 0 0 0 0 30 0 0 20 0 0 0 0

Rest In Walk No No No No

l1, Start-Up Lost Time [s] 2.0 2.0 0.0 2.0 2.0 0.0 0.0 2.0 0.0 0.0 2.0 0.0

l2, Clearance Lost Time [s] 4.2 4.2 0.0 4.2 4.2 0.0 0.0 3.8 0.0 0.0 3.1 0.0

Minimum Recall No Yes No Yes No No

Maximum Recall No No No No No No

Pedestrian Recall No No No No No No

Detector Location [ft] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Detector Length [ft] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

I, Upstream Filtering Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Exclusive Pedestrian Phase

Pedestrian Signal Group 0

Pedestrian Walk [s] 0

Pedestrian Clearance [s] 0
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Lane Group Calculations

Lane Group L C L C R C C

C, Cycle Length [s] 68 68 68 68 68 68 68

L, Total Lost Time per Cycle [s] 6.20 6.20 6.20 6.20 6.20 5.80 5.10

l1_p, Permitted Start-Up Lost Time [s] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

l2, Clearance Lost Time [s] 4.20 4.20 4.20 4.20 4.20 3.80 3.10

g_i, Effective Green Time [s] 9 31 1 24 24 11 1

g / C, Green / Cycle 0.13 0.46 0.01 0.35 0.35 0.16 0.02

(v / s)_i Volume / Saturation Flow Rate 0.04 0.30 0.00 0.31 0.05 0.08 0.00

s, saturation flow rate [veh/h] 1774 1862 1774 1863 1583 1743 1803

c, Capacity [veh/h] 222 861 21 651 553 286 35

d1, Uniform Delay [s] 27.27 14.11 33.32 20.94 15.24 25.88 32.88

k, delay calibration 0.11 0.11 0.11 0.11 0.11 0.11 0.11

I, Upstream Filtering Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00

d2, Incremental Delay [s] 0.95 0.85 4.23 4.49 0.13 1.31 2.36

d3, Initial Queue Delay [s] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Rp, platoon ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00

PF, progression factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Lane Group Results

X, volume / capacity 0.35 0.65 0.19 0.89 0.15 0.49 0.17

d, Delay for Lane Group [s/veh] 28.21 14.96 37.55 25.42 15.36 27.19 35.23

Lane Group LOS C B D C B C D

Critical Lane Group Yes No No Yes No Yes Yes

50th-Percentile Queue Length [veh/ln] 1.10 5.36 0.08 7.98 0.78 2.08 0.12

50th-Percentile Queue Length [ft/ln] 27.44 133.91 2.11 199.41 19.59 52.09 2.95

95th-Percentile Queue Length [veh/ln] 1.98 9.15 0.15 12.61 1.41 3.75 0.21

95th-Percentile Queue Length [ft/ln] 49.39 228.80 3.80 315.20 35.27 93.76 5.32
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Movement, Approach, & Intersection Results

d_M, Delay for Movement [s/veh] 28.21 14.96 14.96 37.55 25.42 15.36 27.19 27.19 27.19 35.23 35.23 35.23

Movement LOS C B B D C B C C C D D D

d_A, Approach Delay [s/veh] 16.57 24.22 27.19 35.23

Approach LOS B C C D

d_I, Intersection Delay [s/veh] 21.18

Intersection LOS C

Intersection V/C 0.664

Sequence

Ring 1 1 2 3 4 - - - - - - - - - - - -
Ring 2 5 6 - - - - - - - - - - - - - -
Ring 3 - - - - - - - - - - - - - - - -
Ring 4 - - - - - - - - - - - - - - - -
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Intersection Level Of Service Report
Intersection 1: Arnold Drive/Madrone Road

Control Type: All-way stop Delay (sec / veh): 15.5
Analysis Method: HCM 2010 Level Of Service: C
Analysis Period: 15 minutes Volume to Capacity (v/c): 0.666

Intersection Setup

Name Arnold Drive Arnold Drive Madrone Road Madrone Road

Approach Northbound Southbound Eastbound Westbound

Lane Configuration

Turning Movement Left Thru Right Left Thru Right Left Thru Right Left Thru Right

Lane Width [ft] 12.00 12.00 12.00 12.00 12.00 12.00 10.00 10.00 10.00 12.00 12.00 12.00

No. of Lanes in Pocket 1 0 0 1 0 0 0 0 0 1 0 0

Pocket Length [ft] 60.00 100.00 100.00 70.00 100.00 100.00 100.00 100.00 100.00 190.00 100.00 100.00

Speed [mph] 35.00 45.00 25.00 25.00

Grade [%] 0.00 0.00 0.00 0.00

Crosswalk No No No No

Volumes

Name Arnold Drive Arnold Drive Madrone Road Madrone Road

Base Volume Input [veh/h] 0 240 152 41 299 0 0 0 2 131 2 46

Base Volume Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Heavy Vehicles Percentage [%] 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Growth Rate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

In-Process Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Site-Generated Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Diverted Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Pass-by Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Existing Site Adjustment Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Other Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Total Hourly Volume [veh/h] 0 240 152 41 299 0 0 0 2 131 2 46

Peak Hour Factor 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900

Other Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Total 15-Minute Volume [veh/h] 0 67 43 12 84 0 0 0 1 37 1 13

Total Analysis Volume [veh/h] 0 270 171 46 336 0 0 0 2 147 2 52

Pedestrian Volume [ped/h] 0 0 0 0
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Intersection Settings

Lanes

Capacity per Entry Lane [veh/h] 631 662 575 625 542 502 601

Degree of Utilization, x 0.00 0.67 0.08 0.54 0.00 0.29 0.09

Movement, Approach, & Intersection Results

95th-Percentile Queue Length [veh] 0.00 5.05 0.26 3.21 0.01 1.21 0.29

95th-Percentile Queue Length [ft] 0.00 126.36 6.50 80.16 0.28 30.29 7.37

Approach Delay [s/veh] 18.28 14.31 9.66 11.88

Approach LOS C B A B

Intersection Delay [s/veh] 15.53

Intersection LOS C
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Intersection Level Of Service Report
Intersection 2: SR 12/Madrone Rd

Control Type: Signalized Delay (sec / veh): 20.4
Analysis Method: HCM 2010 Level Of Service: C
Analysis Period: 15 minutes Volume to Capacity (v/c): 0.663

Intersection Setup

Name SR 12 SR 12 Madrone Road Winery Driveway

Approach Northbound Southbound Eastbound Westbound

Lane Configuration

Turning Movement Left Thru Right Left Thru Right Left Thru Right Left Thru Right

Lane Width [ft] 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00

No. of Lanes in Pocket 1 0 0 1 0 1 0 0 0 0 0 0

Pocket Length [ft] 120.00 100.00 100.00 120.00 100.00 270.00 100.00 100.00 100.00 100.00 100.00 100.00

Speed [mph] 50.00 50.00 30.00 25.00

Grade [%] 0.00 0.00 0.00 0.00

Crosswalk Yes No Yes No

Volumes

Name SR 12 SR 12 Madrone Road Winery Driveway

Base Volume Input [veh/h] 56 475 1 3 558 121 107 0 62 2 1 1

Base Volume Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Heavy Vehicles Percentage [%] 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Growth Rate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

In-Process Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Site-Generated Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Diverted Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Pass-by Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Existing Site Adjustment Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Other Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Right-Turn on Red Volume [veh/h] 0 0 0 0 0 40 0 0 36 0 0 0

Total Hourly Volume [veh/h] 56 475 1 3 558 81 107 0 26 2 1 1

Peak Hour Factor 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500

Other Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Total 15-Minute Volume [veh/h] 15 125 0 1 147 21 28 0 7 1 0 0

Total Analysis Volume [veh/h] 59 500 1 3 587 85 113 0 27 2 1 1

Presence of On-Street Parking No No No No No No No No

On-Street Parking Maneuver Rate [/h] 0 0 0 0 0 0 0 0 0 0 0 0

Local Bus Stopping Rate [/h] 0 0 0 0 0 0 0 0 0 0 0 0

Pedestrian Volume [ped/h] 0 0 0 0

Bicycle Volume [bicycles/h] 0 0 0 0
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Intersection Settings

Located in CBD No

Signal Coordination Group -

Cycle Length [s] 120

Coordination Type Time of Day Pattern Isolated

Actuation Type Fully actuated

Offset [s] 0.0

Offset Reference LeadGreen

Permissive Mode SingleBand

Lost time [s] 23.00

Phasing & Timing

Control Type Protecte Permiss Permiss Protecte Permiss Permiss Split Split Split Split Split Split

Signal group 1 6 0 5 2 0 0 4 0 0 3 0

Auxiliary Signal Groups

Lead / Lag Lead - - Lead - - - - - - - -

Minimum Green [s] 11 15 0 11 15 0 0 12 0 0 12 0

Maximum Green [s] 25 80 0 25 80 0 0 25 0 0 25 0

Amber [s] 5.2 5.2 0.0 5.2 5.2 0.0 0.0 4.8 0.0 0.0 4.1 0.0

All red [s] 1.0 1.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 0.0 1.0 0.0

Split [s] 32 86 0 31 86 0 0 31 0 0 30 0

Vehicle Extension [s] 3.0 3.0 0.0 3.0 3.0 0.0 0.0 3.0 0.0 0.0 3.0 0.0

Walk [s] 0 0 0 0 7 0 0 7 0 0 0 0

Pedestrian Clearance [s] 0 0 0 0 30 0 0 20 0 0 0 0

Rest In Walk No No No No

l1, Start-Up Lost Time [s] 2.0 2.0 0.0 2.0 2.0 0.0 0.0 2.0 0.0 0.0 2.0 0.0

l2, Clearance Lost Time [s] 4.2 4.2 0.0 4.2 4.2 0.0 0.0 3.8 0.0 0.0 3.1 0.0

Minimum Recall No Yes No Yes No No

Maximum Recall No No No No No No

Pedestrian Recall No No No No No No

Detector Location [ft] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Detector Length [ft] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

I, Upstream Filtering Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Exclusive Pedestrian Phase

Pedestrian Signal Group 0

Pedestrian Walk [s] 0

Pedestrian Clearance [s] 0
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Lane Group Calculations

Lane Group L C L C R C C

C, Cycle Length [s] 66 66 66 66 66 66 66

L, Total Lost Time per Cycle [s] 6.20 6.20 6.20 6.20 6.20 5.80 5.10

l1_p, Permitted Start-Up Lost Time [s] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

l2, Clearance Lost Time [s] 4.20 4.20 4.20 4.20 4.20 3.80 3.10

g_i, Effective Green Time [s] 7 30 1 23 23 11 1

g / C, Green / Cycle 0.11 0.46 0.01 0.35 0.35 0.17 0.01

(v / s)_i Volume / Saturation Flow Rate 0.03 0.27 0.00 0.32 0.05 0.08 0.00

s, saturation flow rate [veh/h] 1774 1862 1774 1863 1583 1734 1742

c, Capacity [veh/h] 197 850 16 660 561 292 23

d1, Uniform Delay [s] 26.97 13.34 32.44 20.07 14.52 24.82 32.20

k, delay calibration 0.11 0.11 0.11 0.11 0.11 0.11 0.11

I, Upstream Filtering Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00

d2, Incremental Delay [s] 0.84 0.66 5.46 4.34 0.12 1.22 3.62

d3, Initial Queue Delay [s] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Rp, platoon ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00

PF, progression factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Lane Group Results

X, volume / capacity 0.30 0.59 0.19 0.89 0.15 0.48 0.18

d, Delay for Lane Group [s/veh] 27.81 13.99 37.90 24.40 14.65 26.04 35.82

Lane Group LOS C B D C B C D

Critical Lane Group Yes No No Yes No Yes Yes

50th-Percentile Queue Length [veh/ln] 0.81 4.38 0.07 7.67 0.74 1.98 0.08

50th-Percentile Queue Length [ft/ln] 20.18 109.46 1.69 191.81 18.50 49.41 2.11

95th-Percentile Queue Length [veh/ln] 1.45 7.81 0.12 12.21 1.33 3.56 0.15

95th-Percentile Queue Length [ft/ln] 36.33 195.25 3.04 305.37 33.30 88.94 3.81
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Movement, Approach, & Intersection Results

d_M, Delay for Movement [s/veh] 27.81 13.99 13.99 37.90 24.40 14.65 26.04 26.04 26.04 35.82 35.82 35.82

Movement LOS C B B D C B C C C D D D

d_A, Approach Delay [s/veh] 15.45 23.24 26.04 35.82

Approach LOS B C C D

d_I, Intersection Delay [s/veh] 20.39

Intersection LOS C

Intersection V/C 0.663

Sequence

Ring 1 1 2 3 4 - - - - - - - - - - - -
Ring 2 5 6 - - - - - - - - - - - - - -
Ring 3 - - - - - - - - - - - - - - - -
Ring 4 - - - - - - - - - - - - - - - -
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Intersection Level Of Service Report
Intersection 1: Arnold Drive/Madrone Road

Control Type: All-way stop Delay (sec / veh): 27.6
Analysis Method: HCM 2010 Level Of Service: D
Analysis Period: 15 minutes Volume to Capacity (v/c): 0.870

Intersection Setup

Name Arnold Drive Arnold Drive Madrone Road Madrone Road

Approach Northbound Southbound Eastbound Westbound

Lane Configuration

Turning Movement Left Thru Right Left Thru Right Left Thru Right Left Thru Right

Lane Width [ft] 12.00 12.00 12.00 12.00 12.00 12.00 10.00 10.00 10.00 12.00 12.00 12.00

No. of Lanes in Pocket 1 0 0 1 0 0 0 0 0 1 0 0

Pocket Length [ft] 60.00 100.00 100.00 70.00 100.00 100.00 100.00 100.00 100.00 190.00 100.00 100.00

Speed [mph] 35.00 45.00 25.00 25.00

Grade [%] 0.00 0.00 0.00 0.00

Crosswalk No No No No

Volumes

Name Arnold Drive Arnold Drive Madrone Road Madrone Road

Base Volume Input [veh/h] 8 285 169 65 382 13 7 1 5 167 0 59

Base Volume Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Heavy Vehicles Percentage [%] 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Growth Rate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

In-Process Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Site-Generated Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Diverted Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Pass-by Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Existing Site Adjustment Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Other Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Total Hourly Volume [veh/h] 8 285 169 65 382 13 7 1 5 167 0 59

Peak Hour Factor 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800 0.8800

Other Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Total 15-Minute Volume [veh/h] 2 81 48 18 109 4 2 0 1 47 0 17

Total Analysis Volume [veh/h] 9 324 192 74 434 15 8 1 6 190 0 67

Pedestrian Volume [ped/h] 0 0 0 0
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Intersection Settings

Lanes

Capacity per Entry Lane [veh/h] 526 593 526 570 441 457 541

Degree of Utilization, x 0.02 0.87 0.14 0.79 0.03 0.42 0.12

Movement, Approach, & Intersection Results

95th-Percentile Queue Length [veh] 0.05 9.92 0.49 7.46 0.11 2.01 0.42

95th-Percentile Queue Length [ft] 1.30 247.92 12.18 186.53 2.64 50.37 10.54

Approach Delay [s/veh] 35.99 25.98 11.46 14.57

Approach LOS E D B B

Intersection Delay [s/veh] 27.58

Intersection LOS D
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0.798Volume to Capacity (v/c):
CLevel Of Service:

23.5Delay (sec / veh):

15 minutesAnalysis Period:
HCM 2010Analysis Method:
SignalizedControl Type:

Intersection 2: SR 12/Madrone Rd
Intersection Level Of Service Report

NoYesNoYesCrosswalk

0.000.000.000.00Grade [%]

25.0030.0050.0050.00Speed [mph]

100.00100.00100.00100.00100.00100.00270.00100.00120.00100.00100.00120.00Pocket Length [ft]

000000101001No. of Lanes in Pocket

12.0012.0012.0012.0012.0012.0012.0012.0012.0012.0012.0012.00Lane Width [ft]

RightThruLeftRightThruLeftRightThruLeftRightThruLeftTurning Movement

Lane Configuration

WestboundEastboundSouthboundNorthboundApproach

Winery DrivewayMadrone RoadSR 12SR 12Name

Intersection Setup

0000Bicycle Volume [bicycles/h]

0000Pedestrian Volume [ped/h]

000000000000Local Bus Stopping Rate [/h]

000000000000On-Street Parking Maneuver Rate [/h]

NoNoNoNoNoNoNoNoPresence of On-Street Parking

024431119858094173197Total Analysis Volume [veh/h]

01111030212021018324Total 15-Minute Volume [veh/h]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Other Adjustment Factor

0.96000.96000.96000.96000.96000.96000.96000.96000.96000.96000.96000.9600Peak Hour Factor

024411114827774170293Total Hourly Volume [veh/h]

30041004400000Right-Turn on Red Volume [veh/h]

000000000000Other Volume [veh/h]

000000000000Existing Site Adjustment Volume [veh/h]

000000000000Pass-by Trips [veh/h]

000000000000Diverted Trips [veh/h]

000000000000Site-Generated Trips [veh/h]

000000000000In-Process Volume [veh/h]

1.001.001.001.001.001.001.001.001.001.001.001.00Growth Rate

2.002.002.002.002.002.002.002.002.002.002.002.00Heavy Vehicles Percentage [%]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Base Volume Adjustment Factor

3248211141267774170293Base Volume Input [veh/h]

Winery DrivewayMadrone RoadSR 12SR 12Name

Volumes
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Intersection Settings

Located in CBD No

Signal Coordination Group -

Cycle Length [s] 120

Coordination Type Time of Day Pattern Isolated

Actuation Type Fully actuated

Offset [s] 0.0

Offset Reference LeadGreen

Permissive Mode SingleBand

Lost time [s] 23.00

Phasing & Timing

Control Type Protecte Permiss Permiss Protecte Permiss Permiss Split Split Split Split Split Split

Signal group 1 6 0 5 2 0 0 4 0 0 3 0

Auxiliary Signal Groups

Lead / Lag Lead - - Lead - - - - - - - -

Minimum Green [s] 11 15 0 11 15 0 0 12 0 0 12 0

Maximum Green [s] 25 80 0 25 80 0 0 25 0 0 25 0

Amber [s] 5.2 5.2 0.0 5.2 5.2 0.0 0.0 4.8 0.0 0.0 4.1 0.0

All red [s] 1.0 1.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 0.0 1.0 0.0

Split [s] 32 86 0 31 86 0 0 31 0 0 30 0

Vehicle Extension [s] 3.0 3.0 0.0 3.0 3.0 0.0 0.0 3.0 0.0 0.0 3.0 0.0

Walk [s] 0 0 0 0 7 0 0 7 0 0 0 0

Pedestrian Clearance [s] 0 0 0 0 30 0 0 20 0 0 0 0

Rest In Walk No No No No

l1, Start-Up Lost Time [s] 2.0 2.0 0.0 2.0 2.0 0.0 0.0 2.0 0.0 0.0 2.0 0.0

l2, Clearance Lost Time [s] 4.2 4.2 0.0 4.2 4.2 0.0 0.0 3.8 0.0 0.0 3.1 0.0

Minimum Recall No Yes No Yes No No

Maximum Recall No No No No No No

Pedestrian Recall No No No No No No

Detector Location [ft] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Detector Length [ft] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

I, Upstream Filtering Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Exclusive Pedestrian Phase

Pedestrian Signal Group 0

Pedestrian Walk [s] 0

Pedestrian Clearance [s] 0
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Lane Group Calculations

Lane Group L C L C R C C

C, Cycle Length [s] 87 87 87 87 87 87 87

L, Total Lost Time per Cycle [s] 6.20 6.20 6.20 6.20 6.20 5.80 5.10

l1_p, Permitted Start-Up Lost Time [s] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

l2, Clearance Lost Time [s] 4.20 4.20 4.20 4.20 4.20 3.80 3.10

g_i, Effective Green Time [s] 10 49 1 40 40 12 2

g / C, Green / Cycle 0.11 0.57 0.01 0.46 0.46 0.14 0.02

(v / s)_i Volume / Saturation Flow Rate 0.05 0.39 0.00 0.43 0.05 0.09 0.00

s, saturation flow rate [veh/h] 1774 1862 1774 1863 1583 1720 1803

c, Capacity [veh/h] 203 1055 21 864 735 233 34

d1, Uniform Delay [s] 36.12 13.47 42.62 22.11 13.22 35.97 42.06

k, delay calibration 0.11 0.11 0.11 0.11 0.11 0.11 0.11

I, Upstream Filtering Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00

d2, Incremental Delay [s] 1.74 0.83 4.39 5.52 0.07 3.81 2.47

d3, Initial Queue Delay [s] 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Rp, platoon ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00

PF, progression factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Lane Group Results

X, volume / capacity 0.48 0.69 0.19 0.94 0.12 0.70 0.18

d, Delay for Lane Group [s/veh] 37.86 14.30 47.01 27.62 13.29 39.78 44.53

Lane Group LOS D B D C B D D

Critical Lane Group Yes No No Yes No Yes Yes

50th-Percentile Queue Length [veh/ln] 1.91 8.30 0.11 14.43 0.84 3.49 0.15

50th-Percentile Queue Length [ft/ln] 47.63 207.61 2.65 360.84 20.94 87.25 3.75

95th-Percentile Queue Length [veh/ln] 3.43 13.03 0.19 20.66 1.51 6.28 0.27

95th-Percentile Queue Length [ft/ln] 85.73 325.76 4.77 516.60 37.69 157.04 6.75
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Movement, Approach, & Intersection Results

d_M, Delay for Movement [s/veh] 37.86 14.30 14.30 47.01 27.62 13.29 39.78 39.78 39.78 44.53 44.53 44.53

Movement LOS D B B D C B D D D D D D

d_A, Approach Delay [s/veh] 17.05 26.35 39.78 44.53

Approach LOS B C D D

d_I, Intersection Delay [s/veh] 23.50

Intersection LOS C

Intersection V/C 0.798

Sequence

Ring 1 1 2 3 4 - - - - - - - - - - - -
Ring 2 5 6 - - - - - - - - - - - - - -

----------------Ring 4
----------------Ring 3
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Intersection Level Of Service Report
Intersection 1: Arnold Drive/Madrone Road

Control Type: All-way stop Delay (sec / veh): 25.3
Analysis Method: HCM 2010 Level Of Service: D
Analysis Period: 15 minutes Volume to Capacity (v/c): 0.864

Intersection Setup

Name Arnold Drive Arnold Drive Madrone Road Madrone Road

Approach Northbound Southbound Eastbound Westbound

Lane Configuration

Turning Movement Left Thru Right Left Thru Right Left Thru Right Left Thru Right

Lane Width [ft] 12.00 12.00 12.00 12.00 12.00 12.00 10.00 10.00 10.00 12.00 12.00 12.00

No. of Lanes in Pocket 1 0 0 1 0 0 0 0 0 1 0 0

Pocket Length [ft] 60.00 100.00 100.00 70.00 100.00 100.00 100.00 100.00 100.00 190.00 100.00 100.00

Speed [mph] 35.00 45.00 25.00 25.00

Grade [%] 0.00 0.00 0.00 0.00

Crosswalk No No No No

Volumes

Name Arnold Drive Arnold Drive Madrone Road Madrone Road

Base Volume Input [veh/h] 0 240 152 41 299 0 0 0 2 131 2 46

Base Volume Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Heavy Vehicles Percentage [%] 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Growth Rate 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21

In-Process Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Site-Generated Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Diverted Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Pass-by Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Existing Site Adjustment Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Other Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Total Hourly Volume [veh/h] 0 290 184 50 362 0 0 0 2 159 2 56

Peak Hour Factor 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900 0.8900

Other Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Total 15-Minute Volume [veh/h] 0 81 52 14 102 0 0 0 1 45 1 16

Total Analysis Volume [veh/h] 0 326 207 56 407 0 0 0 2 179 2 63

Pedestrian Volume [ped/h] 0 0 0 0
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Intersection Settings

Lanes

Capacity per Entry Lane [veh/h] 589 617 537 581 480 465 551

Degree of Utilization, x 0.00 0.86 0.10 0.70 0.00 0.38 0.12

Movement, Approach, & Intersection Results

95th-Percentile Queue Length [veh] 0.00 9.84 0.35 5.58 0.01 1.79 0.40

95th-Percentile Queue Length [ft] 0.00 245.97 8.68 139.59 0.31 44.69 9.97

Approach Delay [s/veh] 34.57 20.66 10.54 13.84

Approach LOS D C B B

Intersection Delay [s/veh] 25.27

Intersection LOS D
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Intersection Level Of Service Report
Intersection 2: SR 12/Madrone Rd

Control Type: Signalized Delay (sec / veh): 22.7
Analysis Method: HCM 2010 Level Of Service: C
Analysis Period: 15 minutes Volume to Capacity (v/c): 0.782

Intersection Setup

Name SR 12 SR 12 Madrone Road Winery Driveway

Approach Northbound Southbound Eastbound Westbound

Lane Configuration

Turning Movement Left Thru Right Left Thru Right Left Thru Right Left Thru Right

Lane Width [ft] 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00

No. of Lanes in Pocket 1 0 0 1 0 1 0 0 0 0 0 0

Pocket Length [ft] 120.00 100.00 100.00 120.00 100.00 270.00 100.00 100.00 100.00 100.00 100.00 100.00

Speed [mph] 50.00 50.00 30.00 25.00

Grade [%] 0.00 0.00 0.00 0.00

Crosswalk Yes No Yes No

Volumes

Name SR 12 SR 12 Madrone Road Winery Driveway

Base Volume Input [veh/h] 56 475 1 3 558 121 107 0 62 2 1 1

Base Volume Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Heavy Vehicles Percentage [%] 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Growth Rate 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28

In-Process Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Site-Generated Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Diverted Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Pass-by Trips [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Existing Site Adjustment Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Other Volume [veh/h] 0 0 0 0 0 0 0 0 0 0 0 0

Right-Turn on Red Volume [veh/h] 0 0 0 0 0 40 0 0 36 0 0 0

Total Hourly Volume [veh/h] 72 608 1 4 714 115 137 0 43 3 1 1

Peak Hour Factor 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9500

Other Adjustment Factor 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Total 15-Minute Volume [veh/h] 19 160 0 1 188 30 36 0 11 1 0 0

Total Analysis Volume [veh/h] 76 640 1 4 752 121 144 0 45 3 1 1

Presence of On-Street Parking No No No No No No No No

On-Street Parking Maneuver Rate [/h] 0 0 0 0 0 0 0 0 0 0 0 0

Local Bus Stopping Rate [/h] 0 0 0 0 0 0 0 0 0 0 0 0

Pedestrian Volume [ped/h] 0 0 0 0

Bicycle Volume [bicycles/h] 0 0 0 0
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Intersection Settings

Located in CBD No

Signal Coordination Group -

Cycle Length [s] 120

Coordination Type Time of Day Pattern Isolated

Actuation Type Fully actuated

Offset [s] 0.0

Offset Reference LeadGreen

Permissive Mode SingleBand

Lost time [s] 23.00

Phasing & Timing

Control Type Protecte Permiss Permiss Protecte Permiss Permiss Split Split Split Split Split Split

Signal group 1 6 0 5 2 0 0 4 0 0 3 0

Auxiliary Signal Groups

Lead / Lag Lead - - Lead - - - - - - - -

Minimum Green [s] 11 15 0 11 15 0 0 12 0 0 12 0

Maximum Green [s] 25 80 0 25 80 0 0 25 0 0 25 0

Amber [s] 5.2 5.2 0.0 5.2 5.2 0.0 0.0 4.8 0.0 0.0 4.1 0.0

All red [s] 1.0 1.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 0.0 1.0 0.0

Split [s] 32 86 0 31 86 0 0 31 0 0 30 0

Vehicle Extension [s] 3.0 3.0 0.0 3.0 3.0 0.0 0.0 3.0 0.0 0.0 3.0 0.0

Walk [s] 0 0 0 0 7 0 0 7 0 0 0 0

Pedestrian Clearance [s] 0 0 0 0 30 0 0 20 0 0 0 0

Rest In Walk No No No No

l1, Start-Up Lost Time [s] 2.0 2.0 0.0 2.0 2.0 0.0 0.0 2.0 0.0 0.0 2.0 0.0

l2, Clearance Lost Time [s] 4.2 4.2 0.0 4.2 4.2 0.0 0.0 3.8 0.0 0.0 3.1 0.0

Minimum Recall No Yes No Yes No No

Maximum Recall No No No No No No

Pedestrian Recall No No No No No No

Detector Location [ft] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Detector Length [ft] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

I, Upstream Filtering Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Exclusive Pedestrian Phase

Pedestrian Signal Group 0

Pedestrian Walk [s] 0

Pedestrian Clearance [s] 0
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5.43168.7653.06450.544.44271.2760.5195th-Percentile Queue Length [ft/ln]

0.226.752.1218.020.1810.852.4295th-Percentile Queue Length [veh/ln]

3.0293.7529.48306.892.47165.7133.6250th-Percentile Queue Length [ft/ln]

0.123.751.1812.280.106.631.3450th-Percentile Queue Length [veh/ln]

YesYesNoYesNoNoYesCritical Lane Group

DDBCDBCLane Group LOS

42.2337.3713.9826.5343.8313.8934.47d, Delay for Lane Group [s/veh]

0.180.750.170.920.190.640.38X, volume / capacity

Lane Group Results

1.001.001.001.001.001.001.00PF, progression factor

1.001.001.001.001.001.001.00Rp, platoon ratio

0.000.000.000.000.000.000.00d3, Initial Queue Delay [s]

3.044.370.125.074.330.691.21d2, Incremental Delay [s]

1.001.001.001.001.001.001.00I, Upstream Filtering Factor

0.110.110.110.110.110.110.11k, delay calibration

39.1933.0013.8621.4639.4913.2033.26d1, Uniform Delay [s]

28253692814211000198c, Capacity [veh/h]

1749172515831863177418621774s, saturation flow rate [veh/h]

0.000.110.080.400.000.340.04(v / s)_i Volume / Saturation Flow Rate

0.020.150.440.440.010.540.11g / C, Green / Cycle

11235351439g_i, Effective Green Time [s]

3.103.804.204.204.204.204.20l2, Clearance Lost Time [s]

0.000.000.000.000.000.000.00l1_p, Permitted Start-Up Lost Time [s]

5.105.806.206.206.206.206.20L, Total Lost Time per Cycle [s]

81818181818181C, Cycle Length [s]

CCRCLCLLane Group

Lane Group Calculations
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Movement, Approach, & Intersection Results

37.37 37.3737.37 42.23 42.2342.2313.9834.47 13.89d_M, Delay for Movement [s/veh] 26.5313.89 43.83

D DD DD DBBMovement LOS C CB D

37.37 42.23d_A, Approach Delay [s/veh] 24.8816.07

D DApproach LOS B C

22.72d_I, Intersection Delay [s/veh]

CIntersection LOS

0.782Intersection V/C

----------------Ring 4
----------------Ring 3
--------------65Ring 2
------------4321Ring 1

Sequence
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0.764Volume to Capacity (v/c):
CLevel Of Service:

18.6Delay (sec / veh):

15 minutesAnalysis Period:
HCM 2010Analysis Method:

All-way stopControl Type:
Intersection 1: Arnold Drive/Madrone Road

Intersection Level Of Service Report

NoNoNoNoCrosswalk

0.000.000.000.00Grade [%]

25.0025.0045.0035.00Speed [mph]

100.00100.00190.00100.00100.00100.00100.00100.0070.00100.00100.0060.00Pocket Length [ft]

001000001001No. of Lanes in Pocket

12.0012.0012.0010.0010.0010.0012.0012.0012.0012.0012.0012.00Lane Width [ft]

RightThruLeftRightThruLeftRightThruLeftRightThruLeftTurning Movement

Lane Configuration

WestboundEastboundSouthboundNorthboundApproach

Madrone RoadMadrone RoadArnold DriveArnold DriveName

Intersection Setup

0000Pedestrian Volume [ped/h]

6401893131315631932901Total Analysis Volume [veh/h]

160471010791648720Total 15-Minute Volume [veh/h]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Other Adjustment Factor

0.88000.88000.88000.88000.88000.88000.88000.88000.88000.88000.88000.8800Peak Hour Factor

5601663131277551702551Total Hourly Volume [veh/h]

000000000000Other Volume [veh/h]

000000000000Existing Site Adjustment Volume [veh/h]

000000000000Pass-by Trips [veh/h]

000000000000Diverted Trips [veh/h]

12010000310150Site-Generated Trips [veh/h]

000000000000In-Process Volume [veh/h]

1.001.001.001.001.001.001.001.001.001.001.001.00Growth Rate

2.002.002.002.002.002.002.002.002.002.002.002.00Heavy Vehicles Percentage [%]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Base Volume Adjustment Factor

4401653131274451692501Base Volume Input [veh/h]

Madrone RoadMadrone RoadArnold DriveArnold DriveName

Volumes
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CIntersection LOS

18.55Intersection Delay [s/veh]

BBBCApproach LOS

13.3410.5514.7524.37Approach Delay [s/veh]

9.1445.041.1079.399.77176.130.1495th-Percentile Queue Length [ft]

0.371.800.043.180.397.050.0195th-Percentile Queue Length [veh]

Movement, Approach, & Intersection Results

0.110.390.010.540.120.760.00Degree of Utilization, x

587490484589543633556Capacity per Entry Lane [veh/h]

Lanes

Intersection Settings
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0.675Volume to Capacity (v/c):
CLevel Of Service:

21.4Delay (sec / veh):

15 minutesAnalysis Period:
HCM 2010Analysis Method:
SignalizedControl Type:

Intersection 2: SR 12/Madrone Rd
Intersection Level Of Service Report

NoYesNoYesCrosswalk

0.000.000.000.00Grade [%]

25.0030.0050.0050.00Speed [mph]

100.00100.00100.00100.00100.00100.00270.00100.00120.00100.00100.00120.00Pocket Length [ft]

000000101001No. of Lanes in Pocket

12.0012.0012.0012.0012.0012.0012.0012.0012.0012.0012.0012.00Lane Width [ft]

RightThruLeftRightThruLeftRightThruLeftRightThruLeftTurning Movement

Lane Configuration

WestboundEastboundSouthboundNorthboundApproach

Winery DrivewayMadrone RoadSR 12SR 12Name

Intersection Setup

0000Bicycle Volume [bicycles/h]

0000Pedestrian Volume [ped/h]

000000000000Local Bus Stopping Rate [/h]

000000000000On-Street Parking Maneuver Rate [/h]

NoNoNoNoNoNoNoNoPresence of On-Street Parking

024251126945804156383Total Analysis Volume [veh/h]

0116032231451014121Total 15-Minute Volume [veh/h]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Other Adjustment Factor

0.96000.96000.96000.96000.96000.96000.96000.96000.96000.96000.96000.9600Peak Hour Factor

024241121905574154080Total Hourly Volume [veh/h]

30041004400000Right-Turn on Red Volume [veh/h]

000000000000Other Volume [veh/h]

000000000000Existing Site Adjustment Volume [veh/h]

000000000000Pass-by Trips [veh/h]

000000000000Diverted Trips [veh/h]

000407800005Site-Generated Trips [veh/h]

000000000000In-Process Volume [veh/h]

1.001.001.001.001.001.001.001.001.001.001.001.00Growth Rate

2.002.002.002.002.002.002.002.002.002.002.002.00Heavy Vehicles Percentage [%]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Base Volume Adjustment Factor

3246111141265574154075Base Volume Input [veh/h]

Winery DrivewayMadrone RoadSR 12SR 12Name

Volumes
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0Pedestrian Clearance [s]

0Pedestrian Walk [s]

0Pedestrian Signal Group

Exclusive Pedestrian Phase

1.001.001.001.001.001.001.001.001.001.001.001.00I, Upstream Filtering Factor

0.00.00.00.00.00.00.00.00.00.00.00.0Detector Length [ft]

0.00.00.00.00.00.00.00.00.00.00.00.0Detector Location [ft]

NoNoNoNoNoNoPedestrian Recall

NoNoNoNoNoNoMaximum Recall

NoNoYesNoYesNoMinimum Recall

0.03.10.00.03.80.00.04.24.20.04.24.2l2, Clearance Lost Time [s]

0.02.00.00.02.00.00.02.02.00.02.02.0l1, Start-Up Lost Time [s]

NoNoNoNoRest In Walk

00002000300000Pedestrian Clearance [s]

000070070000Walk [s]

0.03.00.00.03.00.00.03.03.00.03.03.0Vehicle Extension [s]

030003100863108632Split [s]

0.01.00.00.01.00.00.01.01.00.01.01.0All red [s]

0.04.10.00.04.80.00.05.25.20.05.25.2Amber [s]

025002500802508025Maximum Green [s]

012001200151101511Minimum Green [s]

--------Lead--LeadLead / Lag

Auxiliary Signal Groups

030040025061Signal group

SplitSplitSplitSplitSplitSplitPermissPermissProtectePermissPermissProtecteControl Type

Phasing & Timing

23.00Lost time [s]

SingleBandPermissive Mode

LeadGreenOffset Reference

0.0Offset [s]

Fully actuatedActuation Type

Time of Day Pattern IsolatedCoordination Type

120Cycle Length [s]

-Signal Coordination Group

NoLocated in CBD

Intersection Settings
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5.37103.1439.81318.653.84230.1653.1595th-Percentile Queue Length [ft/ln]

0.214.131.5912.750.159.212.1395th-Percentile Queue Length [veh/ln]

2.9857.3022.12202.092.13134.9229.5350th-Percentile Queue Length [ft/ln]

0.122.290.888.080.095.401.1850th-Percentile Queue Length [veh/ln]

YesYesNoYesNoNoYesCritical Lane Group

DCBCDBCLane Group LOS

35.5627.7715.6325.6637.8814.9628.44d, Delay for Lane Group [s/veh]

0.170.530.170.890.190.650.37X, volume / capacity

Lane Group Results

1.001.001.001.001.001.001.00PF, progression factor

1.001.001.001.001.001.001.00Rp, platoon ratio

0.000.000.000.000.000.000.00d3, Initial Queue Delay [s]

2.361.510.144.514.240.830.99d2, Incremental Delay [s]

1.001.001.001.001.001.001.00I, Upstream Filtering Factor

0.110.110.110.110.110.110.11k, delay calibration

33.2026.2615.4821.1533.6514.1227.45d1, Uniform Delay [s]

3428755365021866227c, Capacity [veh/h]

1803174015831863177418621774s, saturation flow rate [veh/h]

0.000.090.060.310.000.300.05(v / s)_i Volume / Saturation Flow Rate

0.020.170.350.350.010.460.13g / C, Green / Cycle

11124241329g_i, Effective Green Time [s]

3.103.804.204.204.204.204.20l2, Clearance Lost Time [s]

0.000.000.000.000.000.000.00l1_p, Permitted Start-Up Lost Time [s]

5.105.806.206.206.206.206.20L, Total Lost Time per Cycle [s]

69696969696969C, Cycle Length [s]

CCRCLCLLane Group

Lane Group Calculations
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Generated with

Movement, Approach, & Intersection Results

27.77 27.7727.77 35.56 35.5635.5615.6328.44 14.96d_M, Delay for Movement [s/veh] 25.6614.96 37.88

C CC DD DBBMovement LOS C CB D

27.77 35.56d_A, Approach Delay [s/veh] 24.3416.69

C DApproach LOS B C

21.40d_I, Intersection Delay [s/veh]

CIntersection LOS

0.675Intersection V/C

----------------Ring 4
----------------Ring 3
--------------65Ring 2
------------4321Ring 1

Sequence
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0.699Volume to Capacity (v/c):
CLevel Of Service:

16.5Delay (sec / veh):

15 minutesAnalysis Period:
HCM 2010Analysis Method:

All-way stopControl Type:
Intersection 1: Arnold Drive/Madrone Road

Intersection Level Of Service Report

NoNoNoNoCrosswalk

0.000.000.000.00Grade [%]

25.0025.0045.0035.00Speed [mph]

100.00100.00190.00100.00100.00100.00100.00100.0070.00100.00100.0060.00Pocket Length [ft]

001000001001No. of Lanes in Pocket

12.0012.0012.0010.0010.0010.0012.0012.0012.0012.0012.0012.00Lane Width [ft]

RightThruLeftRightThruLeftRightThruLeftRightThruLeftTurning Movement

Lane Configuration

WestboundEastboundSouthboundNorthboundApproach

Madrone RoadMadrone RoadArnold DriveArnold DriveName

Intersection Setup

0000Pedestrian Volume [ped/h]

7521482000345691722790Total Analysis Volume [veh/h]

191371000861743700Total 15-Minute Volume [veh/h]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Other Adjustment Factor

0.89000.89000.89000.89000.89000.89000.89000.89000.89000.89000.89000.8900Peak Hour Factor

6721322000307611532480Total Hourly Volume [veh/h]

000000000000Other Volume [veh/h]

000000000000Existing Site Adjustment Volume [veh/h]

000000000000Pass-by Trips [veh/h]

000000000000Diverted Trips [veh/h]

21010000820180Site-Generated Trips [veh/h]

000000000000In-Process Volume [veh/h]

1.001.001.001.001.001.001.001.001.001.001.001.00Growth Rate

2.002.002.002.002.002.002.002.002.002.002.002.00Heavy Vehicles Percentage [%]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Base Volume Adjustment Factor

4621312000299411522400Base Volume Input [veh/h]

Madrone RoadMadrone RoadArnold DriveArnold DriveName

Volumes

1

W-Trans

Sat PM Existing plus Project

Apothevert Dispensary TIS

2

W-Trans

Sat PM Existing plus Project

Apothevert Dispensary TIS

Version 5.00-05

Generated with

CIntersection LOS

16.47Intersection Delay [s/veh]

BABCApproach LOS

11.959.8614.9020.19Approach Delay [s/veh]

11.1931.290.2987.5810.39141.290.0095th-Percentile Queue Length [ft]

0.451.250.013.500.425.650.0095th-Percentile Queue Length [veh]

Movement, Approach, & Intersection Results

0.130.300.000.560.120.700.00Degree of Utilization, x

589493527612564645616Capacity per Entry Lane [veh/h]

Lanes

Intersection Settings
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0.683Volume to Capacity (v/c):
CLevel Of Service:

20.9Delay (sec / veh):

15 minutesAnalysis Period:
HCM 2010Analysis Method:
SignalizedControl Type:

Intersection 2: SR 12/Madrone Rd
Intersection Level Of Service Report

NoYesNoYesCrosswalk

0.000.000.000.00Grade [%]

25.0030.0050.0050.00Speed [mph]

100.00100.00100.00100.00100.00100.00270.00100.00120.00100.00100.00120.00Pocket Length [ft]

000000101001No. of Lanes in Pocket

12.0012.0012.0012.0012.0012.0012.0012.0012.0012.0012.0012.00Lane Width [ft]

RightThruLeftRightThruLeftRightThruLeftRightThruLeftTurning Movement

Lane Configuration

WestboundEastboundSouthboundNorthboundApproach

Winery DrivewayMadrone RoadSR 12SR 12Name

Intersection Setup

0000Bicycle Volume [bicycles/h]

0000Pedestrian Volume [ped/h]

000000000000Local Bus Stopping Rate [/h]

000000000000On-Street Parking Maneuver Rate [/h]

NoNoNoNoNoNoNoNoPresence of On-Street Parking

1123701261005873150068Total Analysis Volume [veh/h]

0019032251471012517Total 15-Minute Volume [veh/h]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Other Adjustment Factor

0.95000.95000.95000.95000.95000.95000.95000.95000.95000.95000.95000.9500Peak Hour Factor

112350120955583147565Total Hourly Volume [veh/h]

00036004000000Right-Turn on Red Volume [veh/h]

000000000000Other Volume [veh/h]

000000000000Existing Site Adjustment Volume [veh/h]

000000000000Pass-by Trips [veh/h]

000000000000Diverted Trips [veh/h]

00090131400009Site-Generated Trips [veh/h]

000000000000In-Process Volume [veh/h]

1.001.001.001.001.001.001.001.001.001.001.001.00Growth Rate

2.002.002.002.002.002.002.002.002.002.002.002.00Heavy Vehicles Percentage [%]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Base Volume Adjustment Factor

1126201071215583147556Base Volume Input [veh/h]

Winery DrivewayMadrone RoadSR 12SR 12Name

Volumes

3

W-Trans

Sat PM Existing plus Project

Apothevert Dispensary TIS

4

W-Trans

Sat PM Existing plus Project

Apothevert Dispensary TIS

Version 5.00-05

Generated with

0Pedestrian Clearance [s]

0Pedestrian Walk [s]

0Pedestrian Signal Group

Exclusive Pedestrian Phase

1.001.001.001.001.001.001.001.001.001.001.001.00I, Upstream Filtering Factor

0.00.00.00.00.00.00.00.00.00.00.00.0Detector Length [ft]

0.00.00.00.00.00.00.00.00.00.00.00.0Detector Location [ft]

NoNoNoNoNoNoPedestrian Recall

NoNoNoNoNoNoMaximum Recall

NoNoYesNoYesNoMinimum Recall

0.03.10.00.03.80.00.04.24.20.04.24.2l2, Clearance Lost Time [s]

0.02.00.00.02.00.00.02.02.00.02.02.0l1, Start-Up Lost Time [s]

NoNoNoNoRest In Walk

00002000300000Pedestrian Clearance [s]

000070070000Walk [s]

0.03.00.00.03.00.00.03.03.00.03.03.0Vehicle Extension [s]

030003100863108632Split [s]

0.01.00.00.01.00.00.01.01.00.01.01.0All red [s]

0.04.10.00.04.80.00.05.25.20.05.25.2Amber [s]

025002500802508025Maximum Green [s]

012001200151101511Minimum Green [s]

--------Lead--LeadLead / Lag

Auxiliary Signal Groups

030040025061Signal group

SplitSplitSplitSplitSplitSplitPermissPermissProtectePermissPermissProtecteControl Type

Phasing & Timing

23.00Lost time [s]

SingleBandPermissive Mode

LeadGreenOffset Reference

0.0Offset [s]

Fully actuatedActuation Type

Time of Day Pattern IsolatedCoordination Type

120Cycle Length [s]

-Signal Coordination Group

NoLocated in CBD

Intersection Settings
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3.88108.5440.97313.603.10197.6242.8095th-Percentile Queue Length [ft/ln]

0.164.341.6412.540.127.901.7195th-Percentile Queue Length [veh/ln]

2.1660.3022.76198.171.72111.1723.7850th-Percentile Queue Length [ft/ln]

0.092.410.917.930.074.450.9550th-Percentile Queue Length [veh/ln]

YesYesNoYesNoNoYesCritical Lane Group

DCBCDBCLane Group LOS

36.5827.3415.1924.9638.6713.9428.18d, Delay for Lane Group [s/veh]

0.180.560.180.890.190.580.32X, volume / capacity

Lane Group Results

1.001.001.001.001.001.001.00PF, progression factor

1.001.001.001.001.001.001.00Rp, platoon ratio

0.000.000.000.000.000.000.00d3, Initial Queue Delay [s]

3.631.650.154.405.480.620.89d2, Incremental Delay [s]

1.001.001.001.001.001.001.00I, Upstream Filtering Factor

0.110.110.110.110.110.110.11k, delay calibration

32.9525.6915.0320.5733.1913.3227.29d1, Uniform Delay [s]

2329356065916862209c, Capacity [veh/h]

1742172715831863177418621774s, saturation flow rate [veh/h]

0.000.090.060.320.000.270.04(v / s)_i Volume / Saturation Flow Rate

0.010.170.350.350.010.460.12g / C, Green / Cycle

11124241318g_i, Effective Green Time [s]

3.103.804.204.204.204.204.20l2, Clearance Lost Time [s]

0.000.000.000.000.000.000.00l1_p, Permitted Start-Up Lost Time [s]

5.105.806.206.206.206.206.20L, Total Lost Time per Cycle [s]

67676767676767C, Cycle Length [s]

CCRCLCLLane Group

Lane Group Calculations

5

W-Trans

Sat PM Existing plus Project

Apothevert Dispensary TIS

6

W-Trans

Sat PM Existing plus Project

Apothevert Dispensary TIS
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Movement, Approach, & Intersection Results

27.34 27.3427.34 36.58 36.5836.5815.1928.18 13.94d_M, Delay for Movement [s/veh] 24.9613.94 38.67

C CC DD DBBMovement LOS C CB D

27.34 36.58d_A, Approach Delay [s/veh] 23.6115.64

C DApproach LOS B C

20.89d_I, Intersection Delay [s/veh]

CIntersection LOS

0.683Intersection V/C

----------------Ring 4
----------------Ring 3
--------------65Ring 2
------------4321Ring 1

Sequence
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0.895Volume to Capacity (v/c):
DLevel Of Service:

29.5Delay (sec / veh):

15 minutesAnalysis Period:
HCM 2010Analysis Method:

All-way stopControl Type:
Intersection 1: Arnold Drive/Madrone Road

Intersection Level Of Service Report

NoNoNoNoCrosswalk

0.000.000.000.00Grade [%]

25.0025.0045.0035.00Speed [mph]

100.00100.00190.00100.00100.00100.00100.00100.0070.00100.00100.0060.00Pocket Length [ft]

001000001001No. of Lanes in Pocket

12.0012.0012.0010.0010.0010.0012.0012.0012.0012.0012.0012.00Lane Width [ft]

RightThruLeftRightThruLeftRightThruLeftRightThruLeftTurning Movement

Lane Configuration

WestboundEastboundSouthboundNorthboundApproach

Madrone RoadMadrone RoadArnold DriveArnold DriveName

Intersection Setup

0000Pedestrian Volume [ped/h]

81019161815438851933309Total Analysis Volume [veh/h]

2004810241092148822Total 15-Minute Volume [veh/h]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Other Adjustment Factor

0.88000.88000.88000.88000.88000.88000.88000.88000.88000.88000.88000.8800Peak Hour Factor

71016851713385751702908Total Hourly Volume [veh/h]

000000000000Other Volume [veh/h]

000000000000Existing Site Adjustment Volume [veh/h]

000000000000Pass-by Trips [veh/h]

000000000000Diverted Trips [veh/h]

12010000310150Site-Generated Trips [veh/h]

000000000000In-Process Volume [veh/h]

1.001.001.001.001.001.001.001.001.001.001.001.00Growth Rate

2.002.002.002.002.002.002.002.002.002.002.002.00Heavy Vehicles Percentage [%]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Base Volume Adjustment Factor

59016751713382651692858Base Volume Input [veh/h]

Madrone RoadMadrone RoadArnold DriveArnold DriveName

Volumes

1

W-Trans

PM Future plus Project

Apothevert Dispensary TIS

2

W-Trans

PM Future plus Project

Apothevert Dispensary TIS

Version 5.00-05
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DIntersection LOS

29.54Intersection Delay [s/veh]

BBDEApproach LOS

14.6411.6027.3239.91Approach Delay [s/veh]

13.2651.512.68196.8714.52267.381.3295th-Percentile Queue Length [ft]

0.532.060.117.870.5810.700.0595th-Percentile Queue Length [veh]

Movement, Approach, & Intersection Results

0.150.420.030.810.160.900.02Degree of Utilization, x

535453433562520584519Capacity per Entry Lane [veh/h]

Lanes

Intersection Settings
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0.809Volume to Capacity (v/c):
CLevel Of Service:

23.8Delay (sec / veh):

15 minutesAnalysis Period:
HCM 2010Analysis Method:
SignalizedControl Type:

Intersection 2: SR 12/Madrone Rd
Intersection Level Of Service Report

NoYesNoYesCrosswalk

0.000.000.000.00Grade [%]

25.0030.0050.0050.00Speed [mph]

100.00100.00100.00100.00100.00100.00270.00100.00120.00100.00100.00120.00Pocket Length [ft]

000000101001No. of Lanes in Pocket

12.0012.0012.0012.0012.0012.0012.0012.0012.0012.0012.0012.00Lane Width [ft]

RightThruLeftRightThruLeftRightThruLeftRightThruLeftTurning Movement

Lane Configuration

WestboundEastboundSouthboundNorthboundApproach

Winery DrivewayMadrone RoadSR 12SR 12Name

Intersection Setup

0000Bicycle Volume [bicycles/h]

0000Pedestrian Volume [ped/h]

000000000000Local Bus Stopping Rate [/h]

000000000000On-Street Parking Maneuver Rate [/h]

NoNoNoNoNoNoNoNoPresence of On-Street Parking

0244711269480941731102Total Analysis Volume [veh/h]

01112032232021018326Total 15-Minute Volume [veh/h]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Other Adjustment Factor

0.96000.96000.96000.96000.96000.96000.96000.96000.96000.96000.96000.9600Peak Hour Factor

024451121907774170298Total Hourly Volume [veh/h]

30041004400000Right-Turn on Red Volume [veh/h]

000000000000Other Volume [veh/h]

000000000000Existing Site Adjustment Volume [veh/h]

000000000000Pass-by Trips [veh/h]

000000000000Diverted Trips [veh/h]

000407800005Site-Generated Trips [veh/h]

000000000000In-Process Volume [veh/h]

1.001.001.001.001.001.001.001.001.001.001.001.00Growth Rate

2.002.002.002.002.002.002.002.002.002.002.002.00Heavy Vehicles Percentage [%]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Base Volume Adjustment Factor

3248211141267774170293Base Volume Input [veh/h]

Winery DrivewayMadrone RoadSR 12SR 12Name

Volumes

3

W-Trans

PM Future plus Project

Apothevert Dispensary TIS

4

W-Trans

PM Future plus Project

Apothevert Dispensary TIS

Version 5.00-05
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0Pedestrian Clearance [s]

0Pedestrian Walk [s]

0Pedestrian Signal Group

Exclusive Pedestrian Phase

1.001.001.001.001.001.001.001.001.001.001.001.00I, Upstream Filtering Factor

0.00.00.00.00.00.00.00.00.00.00.00.0Detector Length [ft]

0.00.00.00.00.00.00.00.00.00.00.00.0Detector Location [ft]

NoNoNoNoNoNoPedestrian Recall

NoNoNoNoNoNoMaximum Recall

NoNoYesNoYesNoMinimum Recall

0.03.10.00.03.80.00.04.24.20.04.24.2l2, Clearance Lost Time [s]

0.02.00.00.02.00.00.02.02.00.02.02.0l1, Start-Up Lost Time [s]

NoNoNoNoRest In Walk

00002000300000Pedestrian Clearance [s]

000070070000Walk [s]

0.03.00.00.03.00.00.03.03.00.03.03.0Vehicle Extension [s]

030003100863108632Split [s]

0.01.00.00.01.00.00.01.01.00.01.01.0All red [s]

0.04.10.00.04.80.00.05.25.20.05.25.2Amber [s]

025002500802508025Maximum Green [s]

012001200151101511Minimum Green [s]

--------Lead--LeadLead / Lag

Auxiliary Signal Groups

030040025061Signal group

SplitSplitSplitSplitSplitSplitPermissPermissProtectePermissPermissProtecteControl Type

Phasing & Timing

23.00Lost time [s]

SingleBandPermissive Mode

LeadGreenOffset Reference

0.0Offset [s]

Fully actuatedActuation Type

Time of Day Pattern IsolatedCoordination Type

120Cycle Length [s]

-Signal Coordination Group

NoLocated in CBD

Intersection Settings
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6.77171.6042.18518.834.78326.4890.8995th-Percentile Queue Length [ft/ln]

0.276.861.6920.750.1913.063.6495th-Percentile Queue Length [veh/ln]

3.7695.3323.43362.672.66208.1750.5050th-Percentile Queue Length [ft/ln]

0.153.810.9414.510.118.332.0250th-Percentile Queue Length [veh/ln]

YesYesNoYesNoNoYesCritical Lane Group

DDBCDBDLane Group LOS

44.7241.1613.4327.6947.1914.2838.19d, Delay for Lane Group [s/veh]

0.180.750.130.940.190.690.50X, volume / capacity

Lane Group Results

1.001.001.001.001.001.001.00PF, progression factor

1.001.001.001.001.001.001.00Rp, platoon ratio

0.000.000.000.000.000.000.00d3, Initial Queue Delay [s]

2.464.770.085.494.380.821.87d2, Incremental Delay [s]

1.001.001.001.001.001.001.00I, Upstream Filtering Factor

0.110.110.110.110.110.110.11k, delay calibration

42.2536.3913.3522.2042.8113.4636.31d1, Uniform Delay [s]

34233735865211057205c, Capacity [veh/h]

1803171915831863177418621774s, saturation flow rate [veh/h]

0.000.100.060.430.000.390.06(v / s)_i Volume / Saturation Flow Rate

0.020.140.460.460.010.570.12g / C, Green / Cycle

212414115010g_i, Effective Green Time [s]

3.103.804.204.204.204.204.20l2, Clearance Lost Time [s]

0.000.000.000.000.000.000.00l1_p, Permitted Start-Up Lost Time [s]

5.105.806.206.206.206.206.20L, Total Lost Time per Cycle [s]

87878787878787C, Cycle Length [s]

CCRCLCLLane Group

Lane Group Calculations

5

W-Trans

PM Future plus Project

Apothevert Dispensary TIS

6

W-Trans

PM Future plus Project

Apothevert Dispensary TIS

Version 5.00-05
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Movement, Approach, & Intersection Results

41.16 41.1641.16 44.72 44.7244.7213.4338.19 14.28d_M, Delay for Movement [s/veh] 27.6914.28 47.19

D DD DD DBBMovement LOS D CB D

41.16 44.72d_A, Approach Delay [s/veh] 26.3017.20

D DApproach LOS B C

23.75d_I, Intersection Delay [s/veh]

CIntersection LOS

0.809Intersection V/C

----------------Ring 4
----------------Ring 3
--------------65Ring 2
------------4321Ring 1

Sequence
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0.904Volume to Capacity (v/c):
DLevel Of Service:

28.3Delay (sec / veh):

15 minutesAnalysis Period:
HCM 2010Analysis Method:

All-way stopControl Type:
Intersection 1: Arnold Drive/Madrone Road

Intersection Level Of Service Report

NoNoNoNoCrosswalk

0.000.000.000.00Grade [%]

25.0025.0045.0035.00Speed [mph]

100.00100.00190.00100.00100.00100.00100.00100.0070.00100.00100.0060.00Pocket Length [ft]

001000001001No. of Lanes in Pocket

12.0012.0012.0010.0010.0010.0012.0012.0012.0012.0012.0012.00Lane Width [ft]

RightThruLeftRightThruLeftRightThruLeftRightThruLeftTurning Movement

Lane Configuration

WestboundEastboundSouthboundNorthboundApproach

Madrone RoadMadrone RoadArnold DriveArnold DriveName

Intersection Setup

0000Pedestrian Volume [ped/h]

8721802000416792083350Total Analysis Volume [veh/h]

2214510001042052840Total 15-Minute Volume [veh/h]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Other Adjustment Factor

0.89000.89000.89000.89000.89000.89000.89000.89000.89000.89000.89000.8900Peak Hour Factor

7721602000370701852980Total Hourly Volume [veh/h]

000000000000Other Volume [veh/h]

000000000000Existing Site Adjustment Volume [veh/h]

000000000000Pass-by Trips [veh/h]

000000000000Diverted Trips [veh/h]

21010000820180Site-Generated Trips [veh/h]

000000000000In-Process Volume [veh/h]

1.211.211.211.211.211.211.211.211.211.211.211.21Growth Rate

2.002.002.002.002.002.002.002.002.002.002.002.00Heavy Vehicles Percentage [%]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Base Volume Adjustment Factor

4621312000299411522400Base Volume Input [veh/h]

Madrone RoadMadrone RoadArnold DriveArnold DriveName

Volumes

1

W-Trans

Sat PM Future plus Project

Apothevert Dispensary TIS

2

W-Trans

Sat PM Future plus Project

Apothevert Dispensary TIS

Version 5.00-05
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DIntersection LOS

28.31Intersection Delay [s/veh]

BBCEApproach LOS

13.9510.7722.1741.07Approach Delay [s/veh]

14.6246.180.32154.4013.12278.190.0095th-Percentile Queue Length [ft]

0.581.850.016.180.5211.130.0095th-Percentile Queue Length [veh]

Movement, Approach, & Intersection Results

0.160.390.000.730.150.900.00Degree of Utilization, x

541458465568527601574Capacity per Entry Lane [veh/h]

Lanes

Intersection Settings



Version 5.00-05

Generated with

0.804Volume to Capacity (v/c):
CLevel Of Service:

23.6Delay (sec / veh):

15 minutesAnalysis Period:
HCM 2010Analysis Method:
SignalizedControl Type:

Intersection 2: SR 12/Madrone Rd
Intersection Level Of Service Report

NoYesNoYesCrosswalk

0.000.000.000.00Grade [%]

25.0030.0050.0050.00Speed [mph]

100.00100.00100.00100.00100.00100.00270.00100.00120.00100.00100.00120.00Pocket Length [ft]

000000101001No. of Lanes in Pocket

12.0012.0012.0012.0012.0012.0012.0012.0012.0012.0012.0012.00Lane Width [ft]

RightThruLeftRightThruLeftRightThruLeftRightThruLeftTurning Movement

Lane Configuration

WestboundEastboundSouthboundNorthboundApproach

Winery DrivewayMadrone RoadSR 12SR 12Name

Intersection Setup

0000Bicycle Volume [bicycles/h]

0000Pedestrian Volume [ped/h]

000000000000Local Bus Stopping Rate [/h]

000000000000On-Street Parking Maneuver Rate [/h]

NoNoNoNoNoNoNoNoPresence of On-Street Parking

1135501581367524164085Total Analysis Volume [veh/h]

00114039341881016021Total 15-Minute Volume [veh/h]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Other Adjustment Factor

0.95000.95000.95000.95000.95000.95000.95000.95000.95000.95000.95000.9500Peak Hour Factor

1135201501297144160881Total Hourly Volume [veh/h]

00036004000000Right-Turn on Red Volume [veh/h]

000000000000Other Volume [veh/h]

000000000000Existing Site Adjustment Volume [veh/h]

000000000000Pass-by Trips [veh/h]

000000000000Diverted Trips [veh/h]

00090131400009Site-Generated Trips [veh/h]

000000000000In-Process Volume [veh/h]

1.281.281.281.281.281.281.281.281.281.281.281.28Growth Rate

2.002.002.002.002.002.002.002.002.002.002.002.00Heavy Vehicles Percentage [%]

1.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.00001.0000Base Volume Adjustment Factor

1126201071215583147556Base Volume Input [veh/h]

Winery DrivewayMadrone RoadSR 12SR 12Name

Volumes

3

W-Trans

Sat PM Future plus Project

Apothevert Dispensary TIS
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Appendix C 

Turn Lane Warrants 





Turn Lane Warrant Analysis - Tee Intersections
Study Intersection: Arnold Drive and Project Driveway

Study Scenario: Weekday PM Future plus Project

Direction of Analysis Street: North/South Cross Street Intersects: From the East

Arnold Drive Arnold Drive

Northbound Volumes (veh/hr) Southbound Volumes (veh/hr)

Through Volume = 351 473 = Through Volume

Right Turn Volume = 17 2 = Left Turn Volume

Northbound Speed Limit: 35 mph Southbound Speed Limit: 45 mph
Northbound Configuration: 2 Lanes - Undivided Project Driveway Southbound Configuration: 2 Lanes - Undivided

Northbound Right Turn Lane Warrants Southbound Left Turn Lane Warrants

1.  Check for right turn volume criteria Percentage Left Turns %lt 0.4 %

Advancing Volume Threshold AV 1183 veh/hr

Thresholds not met, continue to next step If AV<Va then warrant is met

1200
2.  Check advance volume threshold criteria for turn lane

Advancing Volume Threshold AV = 922.6 1000
Advancing Volume Va = 368

If AV<Va then warrant is met No
(V

o)
800

Right Turn Lane Warranted: NO 600

400
Northbound Right Turn Taper Warrants

(evaluate if right turn lane is unwarranted)

O
pp

os
in

g 
V

ol
um

e 

200

1.  Check taper volume criteria 0
0 500 1000 1500 2000

NOT WARRANTED - Less than 20 vehicles Advancing Volume (Va)

2.  Check advance volume threshold criteria for taper
Advancing Volume Threshold AV = - Study Intersection

Advancing Volume Va = 368 Two lane roadway warrant threshold for: 45 mph

If AV<Va then warrant is met - Turn lane warranted if point falls to right of warrant threshold line

Right Turn Taper Warranted: NO  Left Turn Lane Warranted: NO

Methodology based on Washington State Transportation Center Research Report Method For Prioritizing Intersection Improvements , January 1997.  
The right turn lane and taper analysis is based on work conducted by Cottrell in 1981.

The left turn lane analysis is based on work conducted by M.D. Harmelink in 1967, and modified by Kikuchi and Chakroborty in 1991.

W-Trans 6/1/2018



Turn Lane Warrant Analysis - Tee Intersections
Study Intersection: Madrone Road and Employee Driveway

Study Scenario: Weekday PM Future plus Project

Direction of Analysis Street: East/West Cross Street Intersects: From the North

Madrone Road Madrone Road

Westbound Volumes (veh/hr) Eastbound Volumes (veh/hr)

Through Volume = 239 245 = Through Volume

Right Turn Volume = 2 1 = Left Turn Volume

Westbound Speed Limit: 25 mph Eastbound Speed Limit: 25 mph
Westbound Configuration: 2 Lanes - Undivided Employee Driveway Eastbound Configuration: 2 Lanes - Undivided

Westbound Right Turn Lane Warrants Eastbound Left Turn Lane Warrants

1.  Check for right turn volume criteria Percentage Left Turns %lt 0.4 %

Advancing Volume Threshold AV 1940 veh/hr

Thresholds not met, continue to next step If AV<Va then warrant is met

1200
2.  Check advance volume threshold criteria for turn lane

Advancing Volume Threshold AV = 1035.1 1000
Advancing Volume Va = 241

If AV<Va then warrant is met No
(V

o)
800

Right Turn Lane Warranted: NO

pp
os

in
g 

V
ol

um
e 

600

400
Westbound Right Turn Taper Warrants

(evaluate if right turn lane is unwarranted)

O

200

1.  Check taper volume criteria 0
0 500 1000 1500 2000 2500

NOT WARRANTED - Less than 20 vehicles Advancing Volume (Va)

2.  Check advance volume threshold criteria for taper
Advancing Volume Threshold AV = - Study Intersection

Advancing Volume Va = 241 Two lane roadway warrant threshold for: 25 mph

If AV<Va then warrant is met - Turn lane warranted if point falls to right of warrant threshold line

Right Turn Taper Warranted: NO  Left Turn Lane Warranted: NO

Methodology based on Washington State Transportation Center Research Report Method For Prioritizing Intersection Improvements , January 1997.  
The right turn lane and taper analysis is based on work conducted by Cottrell in 1981.

The left turn lane analysis is based on work conducted by M.D. Harmelink in 1967, and modified by Kikuchi and Chakroborty in 1991.

W-Trans 6/15/2018
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Appendix D 

On-Site Circulation Exhibit 





Lock to Lock Time

Width

Track

:

:

:

feet

P

6.0

6.00

7.00

11.003.00

19.00

Steering Angle 31.6:

Inbound from Madrone Road Driveway

Apothevert Dispensary On-Site Parking Circulation

SOX644 June 2018

Outbound from Employee Parking Lot
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	Study Area and Periods 
	The study area consists of the following intersections: 1. Arnold Drive/Madrone Road 2. SR 12/Madrone Road Operating conditions during the weekday p.m. and weekend peak periods were evaluated as these time periods reflect the highest traffic volumes areawide and for the proposed project.  The evening peak hour occurs between 4:00 and 6:00 p.m. and typically reflects the highest level of congestion of the day during the homeward bound commute, while the weekend midday peak occurred between 3:00 and 5:00 p.m.
	Study Intersections 
	Arnold Drive/Madrone Road is a four-legged all-way stop-controlled intersection; the project site is on the northeast corner of the intersection. SR 12/Madrone Road is a four-legged signalized intersection with protected left-turn phasing on the northbound and southbound SR 12 approaches.  The east leg of the intersection is a private driveway to the Hamel Family Winery.  There is split phasing for the eastbound Madrone Road and westbound driveway approaches.  Marked crosswalks exist at the west and south l
	Collision History 
	The collision history for the study area was reviewed to determine any trends or patterns that may indicate a safety issue.  Collision rates were calculated based on records available from the California Highway Patrol as published in their Statewide Integrated Traffic Records System (SWITRS) reports.  The most current five-year period available is January 1, 2013 through December 31, 2017. As presented in Table 1, the calculated collision rates for the study intersections were compared to average collision
	Table 1 – Collision Rates at the Study Intersections 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Number of Collisions (2013-2017) 
	Calculated Collision Rate (c/mve) 
	Statewide Average Collision Rate (c/mve) 

	Arnold Drive/Madrone Road 
	Arnold Drive/Madrone Road 
	6 
	0.34 
	0.32 

	2. S
	2. S
	R 12/Madrone Road 
	7 
	0.26 
	0.50 




	Note: c/mve = collisions per million vehicles entering; Bold text indicates an above-average collision rate.  
	Because the collision rate for Arnold Drive/Madrone Road was slightly higher than the statewide average, the crashes at this location were reviewed in greater detail.  All six of the collisions involved northbound vehicles only, with rear-end and side-swipe crashes being the predominant types and unsafe speed or improper turning being the most common primary collision factors.  With an injury rate of 16.7 percent versus a statewide average of 44.7 percent, despite the above-average collision rate there does
	Alternative Modes 
	Pedestrian Facilities 
	Pedestrian facilities include sidewalks, crosswalks, pedestrian signal phases, curb ramps, curb extensions, and various streetscape amenities such as lighting, benches, etc.  In general, a network of sidewalks and curb ramps provides access for pedestrians at the intersection of Arnold Drive/Madrone Road and into the residential neighborhoods near the project site.  There are limited pedestrian facilities along SR 12; however, given the rural character of the area along SR 12, very little pedestrian traffic
	Bicycle Facilities 
	The Highway Design Manual, Caltrans, 2017, classifies bikeways into four categories:  Class I Multi-Use Path – a completely separated right-of-way for the exclusive use of bicycles and pedestrians with cross flows of motorized traffic minimized.  Class II Bike Lane – a striped and signed lane for one-way bike travel on a street or highway.  Class III Bike Route – signing only for shared use with motor vehicles within the same travel lane on a street or highway.  Class IV Bikeway – also known as a separa
	Table 2 – Bicycle Facility Summary 
	Status Facility 
	Status Facility 
	Status Facility 
	Status Facility 
	Status Facility 
	Class
	 Length (miles) 
	Begin Point 
	End Point 

	Existing  Madrone Road 
	Existing  Madrone Road 
	II 
	 0.30 
	 Arnold Dr 
	Maplew
	oo
	d Dr 

	Planned  
	Planned  
	 
	 

	Agua Caliente Arnold Drive Madrone Road 
	Agua Caliente Arnold Drive Madrone Road 
	II II II 
	0.83 3.47 0.88 
	Arnold Dr Country Club Dr SR 12 
	SR 12 Chauvet Rd Arnold Dr 

	Sonoma Valley Trail 
	Sonoma Valley Trail 
	I 
	12.64 
	Agua Caliente Rd 
	Melita Rd 


	Source: Countywide Bicycle and Pedestrian Master Plan, Sonoma County Transportation Authority, 2014 
	Transit Facilities 
	Sonoma County Transit (SCT) provides fixed route bus service in the County of Sonoma.  SCT Routes 30 and 38 stops on both sides of Arnold Drive near the project frontage and provide regional service to destinations throughout Sonoma Valley and to San Rafael, respectively.  Route 30 operates seven days a week with approximately one-and-a-half hour headways on weekdays between 6:00 a.m. and 9:30 p.m. and approximately 3-hour headways on weekends from 7:30 a.m. to 8:00 p.m.  Route 38 provides one trip for the 
	Capacity Analysis 
	Intersection Level of Service Methodologies 
	Level of Service (LOS) is used to rank traffic operation on various types of facilities based on traffic volumes and roadway capacity using a series of letter designations ranging from A to F.  Generally, Level of Service A represents free flow conditions and Level of Service F represents forced flow or breakdown conditions.  A unit of measure that indicates a level of delay generally accompanies the LOS designation. The study intersections were analyzed using methodologies published in the Highway Capacity
	The ranges of delay associated with the various levels of service are dictated in Table 3 . 
	Table 3 – Intersection Level of Service Criteria 



	LOS 
	LOS 
	LOS 
	LOS 
	All-Way Stop-Controlled 
	Signalized 

	A 
	A 
	Delay of 0 to 10 seconds.  Upon stopping, drivers are 
	Delay of 0 to 10 seconds.  Most vehicles arrive during 

	TR
	immediately able to proceed. 
	the green phase, so do not stop at all. 

	B 
	B 
	Delay of 10 to 15 seconds.  Drivers may wait for one 
	Delay of 10 to 20 seconds.  More vehicles stop than 

	TR
	or two vehicles to clear the intersection before 
	with LOS A, but many drivers still do not have to stop. 

	TR
	proceeding from a stop. 

	C 
	C 
	Delay of 15 to 25 seconds.  Drivers will enter a queue 
	Delay of 20 to 35 seconds.  The number of vehicles 

	TR
	of one or two vehicles on the same approach, and 
	stopping is significant, although many still pass 

	TR
	wait for vehicle to clear from one or more 
	through without stopping. 

	TR
	approaches prior to entering the intersection. 

	D 
	D 
	Delay of 25 to 35 seconds.  Queues of more than two 
	Delay of 35 to 55 seconds.  The influence of 

	TR
	vehicles are encountered on one or more 
	congestion is noticeable, and most vehicles have to 

	TR
	approaches. 
	stop. 

	E 
	E 
	Delay of 35 to 50 seconds.  Longer queues are 
	Delay of 55 to 80 seconds.  Most, if not all, vehicles 

	TR
	encountered on more than one approach to the 
	must stop and drivers consider the delay excessive. 

	TR
	intersection. 

	F 
	F 
	Delay of more than 50 seconds.  Drivers enter long 
	Delay of more than 80 seconds.  Vehicles may wait 

	TR
	queues on all approaches. 
	through more than one cycle to clear the intersection. 


	Reference: Highway Capacity Manual, Transportation Research Board, 2010 
	Traffic Operation Standards 
	Based on the most recent criteria published by the County of Sonoma in May 2016, the project would have a significant traffic impact if it results in any of the following conditions. 1. On-site roads and frontage improvements – Proposed on-site circulation and street frontage would not meet the County’s minimum standards for roadway or driveway design, or potentially result in safety hazards, as determined by the County in consultation with a registered Traffic Engineer or Civil Engineer. 2. Parking – Propo
	impact if the project's traffic would cause a road currently operating at an acceptable level of service (LOS C or better) to operate at an unacceptable level (LOS D or worse). If a road segment currently operates or is projected to operate below the County standard, the project's impact is considered significant and cumulatively considerable if it causes the average speed to decrease by 2 mph for a roadway operating at LOS D without the project, 1 mph if existing operation is LOS E, and any reduction in tr
	Existing Conditions 
	The Existing Conditions scenario provides an evaluation of current operation based on existing traffic volumes during the weekday and weekend evening peak periods.  This condition does not include project-generated traffic volumes.  Counts were obtained at the study intersections in November 2017 and May 2018, while local schools were in session. 
	Intersection Levels of Service 
	The study intersections are currently operating acceptably at LOS C during both peak periods studied.  The existing traffic volumes are shown in Figure 1.  A summary of the intersection level of service calculations is contained in Table 4, and copies of the Level of Service calculations are provided in Appendix B. Table 4 – Existing Peak Hour Intersection Levels of Service 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	PM PeakDelay LOS 
	Weekend Delay 
	Peak LOS 

	1. 
	1. 
	Arnold Dr/MadroneRd
	17.8
	C
	15.5
	C

	2. 
	2. 
	SR 12/MadroneRd
	21.2
	C
	20.4
	C


	Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 
	Future Conditions 
	Segment volumes for the horizon year of 2040 were obtained from the County’s gravity demand model as maintained by the Sonoma County Transportation Authority (SCTA) and translated to turning movement volumes at the study intersection using the “Furness” method.  The Furness method is an iterative process that employs existing turn movement data, existing link volumes, and future link volumes to project likely turning future movement volumes at intersections.  Because the County’s model does not include futu
	Table 5 – Future Peak Hour Intersection Levels of Service 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	PM Peak
	Weekend Peak 

	TR
	Delay 
	LOS 
	Delay 
	LOS 

	1. 
	1. 
	Arnold Dr/MadroneRd
	27.6
	D
	25.3
	D

	2. 
	2. 
	SR 12/MadroneRd
	23.5
	C
	22.7
	C










	Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service  







	Project Description 
	The project is a proposed medical cannabis dispensary which will be housed in an existing 3,847 square foot building previously occupied by Globalmed Technologies commercial offices.  The existing upper floor of the building includes a small office and a single residential unit that would be converted to storage space upon project completion.  The retail portion of the dispensary would occupy 1,891 square feet.  The dispensary would operate Monday through Saturday between 10:00 a.m. and 7:00 p.m.  Project p
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	Traffic Impact Study for the Apothevert DispensaryFigure 3 – Site Plan
	Trip Generation 
	The anticipated trip generation for the proposed project was estimated using standard rates published by the Institute of Transportation Engineers (ITE) in Trip Generation Manual, 10th Edition, 2017.  This publication has a new land use for “marijuana dispensary” (LU# 882), and these rates were applied to the 1,891 square-foot retail portion of the dispensary.  It is noted that the daily rate included in the manual is based on a small sample size of four studies; two of the data points are outliers that app
	Table 6 – Trip Generation Summary 
	Land Use  
	Land Use  
	Land Use  
	Land Use  
	Units  
	Daily Rate Trips
	Weekday PM Peak Hour  Rate Trips In Out 
	Weekend PM Rate Trips 
	Peak Hour In Out 

	Existing Small Office Building Multifamily Housing (Low-Rise) 
	Existing Small Office Building Multifamily Housing (Low-Rise) 
	 1.891 ksf 1 du 
	 16.19 7.32 
	   31 7
	2.45 0.56
	 5  1 
	 1 1 
	 4 0 
	  0.400.70
	 1  1 
	 0 0 
	1 1 

	Sub-total 
	Sub-total 
	 
	 
	38 
	 6 
	2 
	4 
	 2 
	0 
	2

	Proposed Project Marijuana Dispensary Gen‘l Light Industrial 
	Proposed Project Marijuana Dispensary Gen‘l Light Industrial 
	 1.891 ksf 1.956 ksf 
	 154.0* 4.96 
	   291 10 
	21.830.63
	 41  1 
	 21 0 
	 20 1 
	  36.430.41
	 69  1 
	 34 0 
	35 1 

	Net Increase in Trips 
	Net Increase in Trips 
	 
	 
	263 
	 36 
	19 
	17 
	 68 
	34 
	34 


	Note: ksf = 1,000 square feet; du = dwelling unit; * = ITE Rate with two outliers removed 
	It is noted that the daily rate with all data points considered for the dispensary land use estimates 252.7 trips per thousand square-feet.  Application of this rate for the 1,891 square-foot dispensary indicates that it would generate 478 trips per day for a net new daily trip generation of 450 trips.  However, it was reasonably assumed that this would be an overestimate of the project’s potential trip generation.  Given that the project would operate nine hours a day, assuming a ten-hour day to account fo
	Table 7 – Average of ITE Peak Hour Rates 
	Time Period 
	Time Period 
	Time Period 
	Time Period 
	Time Period 
	Average Rate 
	Peak Hour Trips 

	AM Peak Hour of Adjacent Street Traffic 
	AM Peak Hour of Adjacent Street Traffic 
	10.44 
	20 

	AM Peak Hour of Generator 
	AM Peak Hour of Generator 
	20.88 
	39 

	PM Peak Hour of Adjacent Street Traffic 
	PM Peak Hour of Adjacent Street Traffic 
	21.83 
	41 

	PM Peak Hour of Generator 
	PM Peak Hour of Generator 
	29.93 
	57 

	Average  
	Average  
	39


	Trip Distribution 
	The pattern used to allocate new project trips to the street network was developed based on turning movements at the study intersections and are shown in Table 8. 
	Table 8 – Trip Distribution Assumptions 
	Route 
	Route 
	Route 
	Route 
	Route 
	Route 
	Route 
	Percent

	From/to the north via Arnold Drive 
	From/to the north via Arnold Drive 
	10 

	From/to the north via SR12 
	From/to the north via SR12 
	40 

	From/to the south via Arnold Drive 
	From/to the south via Arnold Drive 
	25 

	From/to the south via SR12 
	From/to the south via SR12 
	25 

	TOTAL 
	TOTAL 
	100


	Intersection Operation 
	Existing plus Project Conditions 
	Upon the addition of project-related traffic to the Existing volumes, the study intersections are expected to continue operating acceptably at LOS C.  These results are summarized in Table 9.  Project and Existing plus Project traffic volumes are shown in Figure 4. 
	Table 9 – Existing and Existing plus Project Peak Hour Intersection Levels of Service 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Existing Conditions 
	Existing plus Project

	TR
	PM Peak Weekend Peak
	 PM Peak Weekend Peak 

	TR
	Delay LOS Delay LOS 
	Delay LOS Delay LOS 

	1. 
	1. 
	Arnold Dr/Madrone Rd 
	17.8
	 C 
	15.5
	 C 
	18.6
	 C 
	16.5
	 C 

	2. 
	2. 
	SR 12/Madrone 
	Rd 
	21.2
	 C 
	20.4
	 C 
	21.4
	 C 
	20.9
	 C 


	Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 
	Finding – The study intersections are expected to continue operating acceptably with project traffic added to existing volumes, at the same Levels of Service as without it. 
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	Future plus Project Conditions 
	Upon the addition of project-generated traffic to the anticipated Future volumes, the study intersections are expected to continue operating acceptable at LOS C or D.  The Future plus Project operating conditions are summarized in Table 10 and Future plus Project traffic volumes are shown in Figure 5. 
	Table 10 – Future and Future plus Project Peak Hour Intersection Levels of Service 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Future Conditions 
	Future plus Project 

	TR
	PM Peak Weekend Peak
	 PM Peak Weekend Peak 

	TR
	Delay LOS Delay LOS 
	Delay LOS Delay LOS 

	1. 
	1. 
	Arnold Dr/Madrone Rd 
	27.6 
	D 
	25.3
	 D 
	29.5 
	D 
	28.3
	 D

	2. 
	2. 
	SR 12/Madrone 
	Rd 
	23.5 
	C 
	22.7
	 C 
	23.8 
	C 
	23.6
	 C


	Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 
	Finding – The study intersections are expected to operate at acceptable LOS C or D upon the addition of project-generated traffic to anticipated future volumes. 
	Queuing 
	Under each scenario, the projected 95th percentile queues in dedicated turn pockets at the study intersections were determined using Vistro.  Summarized in Table 11 are the predicted queue lengths for dedicated turn lanes on the approaches to the two study intersections.  It is noted that because the westbound approach to Arnold Drive/Madrone Road has a left-turn pocket that extends east of the Glenwood Drive/Madrone Road intersection, the available stacking space includes the total length of the left-turn 
	Table 11 – 95th Percentile Queues Exceeding Available Storage 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Study Intersection 
	Available 
	95th Percentile Queues 

	Approach 
	Approach 
	Storage 
	PM Peak Hour 
	Saturday Peak Hour 

	TR
	 
	E 
	E+P F 
	F+P 
	E 
	E+P F 
	F+P 

	Arnold Dr/Madrone Rd 
	Arnold Dr/Madrone Rd 
	 
	 
	  
	  
	  

	Southbound Left-Turn 
	Southbound Left-Turn 
	90 
	8 
	10 
	12 
	15
	 7 
	10
	 9 
	13 

	Westbound Left-Turn 
	Westbound Left-Turn 
	205 
	44 
	45
	 50 
	52
	 30 
	31
	 45 
	46 

	SR 12/Madrone Rd 
	SR 12/Madrone Rd 
	 
	 
	  
	  
	  

	Northbound Left-turn 
	Northbound Left-turn 
	145 
	49 
	53
	 86 
	91
	 36 
	43
	 61 
	69 

	Southbound Right-turn 
	Southbound Right-turn 
	300 
	35 
	40
	 38 
	42
	 33 
	41
	 53 
	62 


	Notes: 95th Percentile Queue based on the Vistro operational analysis output; all distances are measured in feet; E = existing conditions; E+P = existing plus project conditions; F = future conditions; F+P = future plus project conditions 
	Finding – Existing stacking space for all turn lanes at the study intersections are sufficient to accommodate queues with project traffic added.  The project does not cause any queues to exceed available storage.  
	Traffic Impact Study for the Apothevert DispensaryFigure 5 – Future plus Project Traffic Volumes
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	Alternative Modes 
	Pedestrian Facilities Given the proximity of agricultural land uses and suburban residential uses, it is reasonable to assume that most dispensary visitors and employees will travel to and from the site by private automobile.  Therefore, the dispensary is expected to generate little pedestrian travel.  Existing sidewalks along both sides of Madrone Road and along the east side of Arnold Drive provide pedestrian connections to people who may wish to access the site from the nearby residential areas.  Both th
	Access and Circulation 
	Site Access  The dispensary will be accessed via the two existing driveways on Arnold Drive and Madrone Road.  There would be a dedicated parking lot for patients on the north side of the property that would be accessed via the Arnold Road driveway.  The parking lot south of the building would be dedicated for employee and vendor parking and would be accessed via the driveway on Madrone Road.   Sight Distance At driveways, a substantially clear line of sight should be maintained between the driver of a vehi
	representative of the highest number of project-generated trips and therefore worst-case conditions, a left-turn lane is not warranted on Arnold Drive or Madrone Road at the project driveways.  A copy of the warrant analysis is provided in Appendix C. On-Site Circulation The AutoTURN application of AutoCAD was used to evaluate the adequacy of on-site passenger vehicle access for the proposed parking layout.  The results are provided in Appendix C.  Finding – The parking lot as designed includes a parking sp
	Parking 
	The project was analyzed to determine whether the proposed parking supply would be sufficient to meet the County’s zoning requirements.  The project plan shows a supply of 17 parking spaces, including 11 guest, one van accessible, and five employee spaces.  One space in the employee lot would need to be eliminated to provide adequate circulation for that lot, resulting in a supply of 16 spaces.  The proposed project would include two shifts per day.  The maximum shift would occur from 10:00 a.m. to 3:30 p.m
	Table 12 – P