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Memorandum

To: Christopher Brown
PM Design Group

From: Stephen Dillon, PE
Matt Weir, PE, TE, PTOE, RSP

Traffic Evaluation

Date: February 21, 2023

The purpose of this memorandum is to document the transportation analysis completed for the Auburn
Boulevard Fuel Station project (the “proposed project” or “project”) proposed to be located at the
southwest corner of the Auburn Boulevard intersection with Myrtle Avenue in unincorporated
Sacramento County, California. The project proposes a 2,949-square foot (SF), 8-vehicle fueling position
(VFP) gas station with convenience store and a 1,495-SF coffee/donut shop with drive thru and indoor
seating. The project also proposes to expand the eastbound approach to the Auburn Boulevard
intersection with Myrtle Avenue from two lanes {one shared through-left, one right-turn) to three lanes
{one left-turn, one through, one right-turn), consistent with comments received from Sacramento County
Department of Transportation (SacDOT) staff®. The projectsite plan is shown in Exhibit 1. Based on
consultation with SacDOT?, this evaluation was limited to weekday, AM peak-hour, and PM peak-hour
scenarios under Existing (2022) and Existing (2022) plus Project conditions.

Study Facilities

Exhibit 2 shows the location of the project site with respect to the surrounding study area. Exhibit 3
illustrates the study facilities, traffic control, and lane configurations. A level of service (LOS) analysis was
completed for the following facilities:

Intersections
1. Auburn Boulevard @ Myrtle Avenue
2. Myrtle Avenue @ Date Avenue
3. Myrtle Avenue @ Project Access Driveway #1*
4.

Auburn Boulevard @ Project Access Driveway #2°
+Existing plus Project Conditions anly

Roadway Segments
1. Auburn Boulevard, north of Myrtle Avenue
2. Auburn Boulevard, south of Myrtle Avenue
3. Myrtle Avenue, east of Auburn Boulevard
4. Myrtle Avenue, west of Auburn Boulevard

Level of Service (LOS) Definitions
The LOS of a facility is a qualitative measure used to describe operational conditions. LOS ranges from A,
which represents minimal delay, to F, which represents heavy delay and a facility that is operating at or

1 SqeDOT Markups PLNP2022-00015 Traffic Study, Sacramento County DOT, August 2, 2022
2 Telephone conversation with Sacramerto County DOT, March 10, 2022.
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near its functional capacity. Levels of Service for this study were determined using methods defined in the
Highway Capacity Manual (HCM), 6" Edition).

The HCM includes procedures for analyzing side-street stop controlled {SS5C), all-way stop controlled
(AWSC), and signalized intersections. The 555C procedure defines LOS as a function of average control
delay for the worst {most delay) minor street approach or movement. The AWSC and signalized
intersection procedures define LOS as a function of average control delay for the intersection as a whole.
Table 1 presents intersection LOS definitions as defined in the HCM.

Table 1 — Intersection Level of Service Criteria

A £10 £10
B >10-15 >10-20
C >15-25 >20-35
B] >25-35 >35-55
E >35-50 >55-80
F >50 >80

Source: Highway Capacity Manual, 6% Edition
* Applied to the worst lane/lane group(s) for SSSC

The roadway segment analysis was performed in accordance with the County’s guidelines® by applying
average daily traffic (ADT) volume thresholds as presented in Table 2.

Table 2 —Roadway Segment Level of Service Thresholds

4-Lane Arterial
{Low Access Control)
4-Lane Arterial
(Moderate Access Control}
4-Lane Arterial
(High Access Cantral)

Residential collector with frontage 1,600 3,200 4,800 6,400 8,000

18,000 | 21,000 | 24,000 | 27,000 | 30,000

21,600 | 25,200 | 28,800 | 32,400 | 36,000

24,000 | 28,000 | 32,000 | 36,000 | 40,000

Residential collector without frontage 5,000 7,000 8,000 9,000 10,000

Source: Sacramento County Traffic Analysis Guidelines {fuly 2020)

As the project site is located within the County’s Urban Policy Area’, the LOS threshold for both
intersections and roadway segments is LOS E or better.

Trip Generation, Distribution, and Assignment

The number of trips anticipated by the proposed project was approximated using data included in the
Trip Generation Manual, 11" Edition, published by the Institute of Transportation Engineers {ITE). ITE

Land Use (LU) Codes 945 (Convenience Store/Gas Station, 2-4 KSF) and 937 (Coffee/Donut Shop with

Drive-Thru and Indoor Seating) were used to approximate trips generated by this project.

3 Traffic Analysis Guidelines, Sacramento County, July 2020,
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Site Access and Circulation

Vehicles may access the site attwo (2) proposed unsignalized driveways. The first driveway { Driveway #1)
is located on Myrtle Avenue, approximately 200-feet west of Auburn Boulevard and approximately 75-
feet west of the Date Avenue as measured from curb returns. This spacing satisfies Section 4-11.P of the
2018 Sacramento County Improvement Standards which identifies a minimum distance of 40-feet for
driveway access onto a Collector. The second driveway (Driveway #2) is located on Auburn Boulevard
approximately 150-feet south of Myrtle Avenue as measured from curb returns. This spacing satisfies
Section 4-11.Q, of the 2018 Sacramento County Improvement Standards which identifies a minimum
distance of 125-feet for driveway access onto an Arterial roadway.

To ensure appropriate site access and circulation for emergency vehicles, it is recommended that ingress
at both Driveway #1 and Driveway #2 be striped in a hatch pattern with “Keep Clear” pavement markings.
To provide additional access flexibility for emergency vehicles, it is recommended that the landscaped
curb extension next to the air/water pump station be replaced instead with a striped hatch pattern. These
recommendations are represented in Exhibit 8.

Drive-Through Queuing

The project proposes a coffee/donut shop with a single drive-through lane. The drive-through is shown to
wrap the proposed restaurant and convenience store buildings in a clockwise manner with approximately
230-feet queue capacity (11 vehicles assuming 20-feet per vehicle). A drive-through queuing analysis was
conducted to determine if the drive-through capacity is adequate for the anticipated demand. The queue
length was determined using queueing analysis formulas published in the Institute of Transportation
Engineers (ITE) Transportation Planning Handbook, 3" Edition which is based on the M/M/1 single service
model.

The M/M/1 single service model is a commonly used method to estimate vehicle queues in drive-through
facilities. This model is based on queuing theory and estimates the average queue length based on a
Poisson distribution for arrival rate (A), exponential distribution for the service rate (W), and average wait
time. The model also estimates the probability that a specific queue (i.e. drive-through storage length)
would be exceeded. This model is equation-based and allows for the estimation of queues without
running a simulation. The following summary provides definitions of the terms used in the M/M/1 model:

Arrival Rate, A

The arrival rate, A, was assumed to be AM peak-hour inbound trips generated by the project less
the percentage of calculated internal capture trips between the proposed land uses. All
remaining trips were assumed to utilize the drive-through for a conservative analysis

Service Rate, i

The average service rate, L, was based on the average wait time for the drive-through
restaurants, as studied in QSR Magazine® and the average arrival rate, as developed previously.
For M/M/1, the average wait time is calculated by the following equation:

W= ——:
u—Aa
Where:
W = Average total wait time (i.e. in queue & being served), hr
1 = Average service rate, veh/hr
h = Average arrival rate, veh/hr

5 The 2021 Drive-Thru Study: Speed of Service
accessed May 2021.
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The equation was rearranged to solve for three different values of p using three different values
of W developed from QSR Magazine data: the industry average wait time of 5.76 minutes, the
industry maximum wait time of 9.02 minutes, and the Dunkin’/Starbucks average wait time of
5.87 minutes.

Average Queue, O
The average queue length was determined by the following equation:

A

u—Aa

Where:
Q = Average queue length, veh
h = Average arrival rate, veh/hr
W = Average service rate, veh/hr

Probability queue exceeds drive-through storage, p{Q>n)
The probability the drive-through queue will exceed the storage capacity was determined by the
following equation:

p(Q@ >n)= (%)

Where:
Q = Average queue length, veh
n = Queuing capacity, veh
h = Average arrival rate, veh/hr
1 = Average service rate, veh/hr

n+1

The results of the analysis using the M/M/1 model for the coffee/donutshop are summarized in Table 8.

Table 8 — Drive-Through Queuing Analysis Summary

Avg. arrival rate, A (veh/hr) 62 62 62
Avg. service rate, L (veh/hr) 724 72.2 68.7
Avg. total wait time, W (min)* 5.76 5.87 9.02
Avg. total wait time, W (hr) 0.10 0.10 0.15

Avg. queue length, Q {veh) 6.0 6.1 9.3
Queue capacity, n{veh) 11 11 11
Probability Queue exceeds n, p{Q>n) 0.16 0.16 0.29

*The 2021 Drive-Thru Study: Speed of Service, QSR Magazine

As shown in Table 8, during the AM peak-hour the probability that the drive-through queue will exceed
the queuing capacity of 11-vehicles ranges from 16-29% and the average queue length ranges from 6.0-
9.3 vehicles, which can be accommodated within the available storage. While the Industry Maximum
queue results serve as a point of comparison, it is reasonable to expect drive-through operations to more
closely follow the analysis provided by the Industry Average and Coffee Average numbers. As the number
of vehicles anticipated to use the drive-through is significantly higher during the AM peak hour compared
to the PM peak hour, it is reasonably concluded that the available queue capacity will be sufficient to
accommodate PM peak-hour operations. The occurrence of the drive-through queue extending beyond
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Peak-Hour Signal Warrant

The California Manual on Uniform Traffic Control Devices’ (CAMUTCD) peak-hour signal warrant® was
evaluated for Intersection #2 (Myrtle Avenue at Date Avenue) under Existing and Existing plus Project
conditions using present day intersection geometry. The Intersection does not satisfy peak-hour signal
warrant requirements in either AM or PM peak-hour periods under Existing and Existing plus Project
conditions. Signal warrant calculation sheets are provided in Attachment E.

As retlected In lable 4, the addition of the Project does not result in any intersection deficiencies as
defined by the County®. While queueing on the eastbound approach of Intersection #1 (Auburn Boulevard
at Myrtle Avenue) could potentially spill back through Intersection #2 (Myrtle Avenue at Date Avenue),
the proposed improvements (widening from two lanes to three) results in Project traffic contributing a
nominal amount of length to the queue.

Based on the analysis provided herein, the following actions are recommended:

= The project should provide minimum throat depths of 25-feet as measured from back of walk to
face of on-site curb at both Driveway #1 and Driveway #2.

®= The project should provide on-site and off-site pavement marking and signage improvements as
represented in Exhibit 8.

= Should drive-through queues consistently exceed capacity, the operator should implement the
traffic management plan outlined in Attachment D in order to contain the impacts of drive-through
queueing on-site and prevent off-site traffic impacts on Myrtle Avenue.

Exhibit 1 — Project Site Plan

Exhibit 2 — Project Site Vicinity Map

Exhibit 3 — Study Facilities, Traffic Control, and Lane Configuration
Exhibit 4 — Project Trip Distribution

Exhibit 5 — Project Trip Assignment

Exhibit 6 — Existing (2022} Peak-Hour Traffic Volumes

Exhibit 7 — Existing (2022) plus Project Peak-Hour Traffic Volumes
Exhibit 8 — Proposed Pavement Marking Improvements

Attachment A — Traffic Count Data Sheets

Attachment B — Analysis Worksheets for Existing (2022)

Attachment C— Analysis Worksheets for Existing (2022) plus Project Conditions
Attachment D — Traffic Management Plan

Attachment E— CAMUTCD Peak-Hour Signal Warrants

8 Section 4C, California Manual on Uniform Traffic Control Devices (CAMUTCD) 2014 Edition Revision &, Caltrans.
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Sacramento County, Auburn Boulevard Fuel Station - Traffic Evaluation
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Exhibit 1

Klmley Project Site Plan
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Traffic Count Data Sheets
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Analysis Worksheets for Existing (2022) Conditions
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Analysis Worksheets for Existing (2022) plus Project Conditions
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Traffic Management Plan

Traftic Evaluation



	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_01
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_02
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_03
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_04
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_05
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_06
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_07
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_08
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_09
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_10
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_11
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_12
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_13
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_14
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_15
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_16
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_17
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_18
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_19
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_20
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_21
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_22
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_23
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_24
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_25
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_26
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_27
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_28
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_29
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_30
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_31
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_32
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_33
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_34
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_35
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_36
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_37
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_38
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_39
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_40
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_41
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_42
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_43
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_44
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_45
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_46
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_47
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_48
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_49
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_50
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_51
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_52
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_53
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_54
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_55
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_56
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_57
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_58
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_59
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_60
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_61
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_62
	PLNP2022-00015_Appendix A_Traffic Analysis.ocr_Page_63

