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Highway Capacity Manual, 2000 

Signalized intersection level of service (LOS) is defined in terms of the average total vehicle 
delay of all movements through an intersection. Vehicle delay is a method of quantifying several 
intangible factors, including driver discomfort, frustration, and lost travel time. Specifically, LOS 
criteria are stated in terms of average delay per vehicle during a specified time period (for 
example, the PM peak hour). Vehicle delay is a complex measure based on many variables, 
including signal phasing (i.e., progression of movements through the intersection), signal cycle 
length, and traffic volumes with respect to intersection capacity. Table 1 shows LOS criteria for 
signalized intersections, as described in the Highway Capacity Manual (Transportation Research 
Board, Special Report 209, 2000). 

Table 1. Level of Service Criteria for Signalized Intersections 

l evel of Service 
Average Control Delay 

(sec/veh) 
General Description 
(Signalized Intersections) 

A S10 

B >10- 20 

c >20- 35 

D >35- 55 

E >55- 60 

F >60 

Free Flow 

Stable Flow (slight delays) 

Stable flow (acceptable delays) 

Approaching unstable flow (tolerable delay, occasionally wait through 
more than one signal cycle before proceeding) 

Unstable flow (intolerable delay) 

Forced flow (jammed) 

Source: Highway Capacity Manual. Transportation Research Board. Special Report 209. 2000. 

Uns ignalized intersection LOS criteria can be further reduced into two intersection types: all
way stop-controlled and two-way stop-controlled. All-way, stop-controlled intersection LOS is 
expressed in terms of the average vehicle delay of all of the movements, much like that of a 
signalized intersection. Two-way, stop-controlled intersection LOS is defined in terms of the 
average vehicle delay of an individual movement(s). This is because the performance of a two
way, stop-controlled intersection is more closely reflected in terms of its individual movements, 
rather than its performance overall . For this reason, LOS for a two-way, stop-controlled 
intersection is defined in terms of its individual movements. With this in mind, total average 
vehicle delay (i.e., average delay of all movements) for a two-way, stop-controlled intersection 
should be viewed with discretion. Table 2 shows LOS criteria for unsignalized intersections (both 
all-way and two-way, stop-controlled). 

Table 2. Level of Service Criteria for Unsignalized Intersections 

level of Service Average Control Delay (sec/veh) 

A 0 - 10 

B >10- 15 

c >1 5- 25 

D >25- 35 

E >35- 50 

F >50 

Source: Highway Capacity Manual, Transportation Research Board. Special Report 209. 2000. 
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trip generation estimate for the Kirkland Costco Gasoline project since it provides use-specific data 

that most accurately represents the anticipated traffic characteristics of the proposed fuel station. 

Costco has invested significant effort into developing thi s use-specific trip generation database for 

both their warehouses and their fuel stations because of the unique characteristics of Costco 

customer travel that exist due to membership requirements and the nature of Costco sales (typically 

larger volume purchases and lower frequency visits than traditional retailers). These unique 

elements apply to the trip generation for Costco warehouses, Costco Gasoline fuel stations, and the 

interaction of trips between the two. The database currently has traffic information from t he two 

existing Costco Gasoline facilities that are in closest proximity to the Kirkland site (Aurora Village and 

Woodinville), as well as numerous locations in large metropolitan areas of California (Bay Area, LA 

Area, and San Diego). In addition, given that the proposed site plan for the Kirkland location is a 5 

island (20 fueling position) facility, data from the two existing 5 island Costco Gasoline facilities 

(Scottsdale and Tucson, Arizona) was also collected and evaluated to prepare the trip generation 

estimate for the Kirkland project. 

COSTCO GASOLINE TRIP CHARACTERISTICS 
An important trend seen from trip generation studies at over 20 Costco Gasoline facilities is that trip 

generation is not directly related to the number of islands (or fueling positions) at a facility. Although 

the standard reference manual ITE Trip Generation (8th Edition) currently reports trip generation for 

gasoline stations based on the independent variable of fueling positions, more recent transportation 

studies indicate that other variables besides the specific number of fueling pumps have a much larger 

influence on trip generation. As such, the profession is moving towards modifying this for the 

gasoline station land use codes and working on studies that include different independent variables. 

In particular for the case of Costco Gasoline facili ties, membership base (since they are member-only 

facilities), market area, and adjacent warehouse activity appear to have a much greater influence on 

the activity levels of the associated fuel stations than whether the facility is 12, 16, or 20 fueling 

positions (the three typical Costco models). 

As such, to develop a trip generation estimate for the proposed Kirkland project, Costco provided the 

projected sales volume for the proposed fuel station that has been developed as part of the financial 

analysis and business fiscal decision process. This projection is created by Costco us ing detailed 

analysis of the membership base, market area, demographics, and existing warehouse activity of the 

Kirkland site. The same known, real world data was pulled for all of the existing Costco Gasoline 

facilities in the transportation database. The Costco trip generation database was then quarried and 

screened for all available data from sites with activity characteristics (membership base, market area, 
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warehouse and fuel station activity volume) similar to or greater than that projected for Kirkland. 

This resulted in trip generation data sample set for 18 existing Costco Gasoline facilities all of which 

are either 16 or 20 fueling positions and similar or greater in activity to that projected for the 

Kirkland site. The details and specifics of the representative sites used to develop the trip generation 

a re provided in Attachment "A." The specific membership information and actual sales and activity 

volumes are not listed due to the privacy and proprietary nature of the data, but the activity and 

volume level of each sample site in comparison to that projected for the Kirkland project is provided. 

TRIP GENERATION ESTIMATE 
Using the detailed data provided in Attachment "A" a trip generation estimate for the Kirkland site 

was prepared and is summarized in Table 1 for total gas station trip generation rates, internal trip 

capture between the fuel station and the warehouse, as well as pass-by trip capture from the 

surrounding street system. 

Table 1 Kirkland Costco Gasoline Trip Generation Estimate 

Weekday Daily Weekday AM Weekday PM Weekend Midday 
Trip Ends Peak Hour Trip Ends Peak Hour Trip Ends Peak Hour Trip Ends 

Costco Gasoline Total In Out Total In Out Total In Out Total 

Total Trip Ends 4,530 110 110 220 210 210 420 225 225 450 

Internal Trips (1,540) (0) (O) (O) (75} (75) (150} (75) (75) (150) 

{0% AM, 35% PM, 34% MD) 

External Trips 2,990 110 110 220 135 135 270 150 150 300 

Pass-by Trips (990) {35) {3S) (70} (SO) (SO) 100 (SO) (50) (100) 

(32% AM, 39% PM, 33% MD) 

Net New Trips 2,000 75 75 150 85 85 170 100 100 200 

Notes: no internal trips during the AM peak period as warehouse is not open; pass-by trip percentage is percentage of 

remaining external trips 

As shown in Table 1, the proposed Kirkland Costco Gasoline fuel station is estimated to generate 

approximately 75 new vehicles (or 150 trip ends) during the weekday a.m. peak hour, approximately 

85 new vehicles (or 170 trip ends) during the weekday p.m. peak hour, and approximately 100 new 

vehicles (or 200 trip ends) during the weekend midday peak hour. The proposed fuel station is 

estimated to process approximately 1,000 new vehicles (or 2,000 daily new trip ends) on a weekday. 

While trip type survey information has not been collected fo r the enti re weekday daily time period, 
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on a daily basis the trip type percentages are expected to be similar to those observed during the 

weekend midday peak hour. 

It is important to note that, based on the database information, there is not a noticeable difference in 

the overall trip generation for a 20 fueling position fuel station compared to a 16 fueling position fuel 

station (as was previously proposed for this site). Part of this is due to the fact that there are only two 

existing Costco Gasoline locations with 5 islands within the mai nland United States and thus a limited 

sample size. However, there are sample sites in the database with 16 fueling positions that generate 

more trips than one of the 20 fueling position location and both size facilities generate essentially the 

same overall range in number of trips. As outlined previously, trip generation for Costco Gasoline 

facilities, is more influenced by membership base and adjacent warehouse activity. Given that the 

expected volume for the Kirkland location is lower than the majority of example sites in the database 

used to generate the trip generation estimate (both 16 and 20 fueling position locations), it was 

determined that the average trip generation from all of the sites would be an appropriate, if not 

conservative, estimation for the project. Again, the detailed comparison of the Kirkland location to the 

activity of the sample sites is provided in Attachment "A." 

Also indicated in the table, the unique nature of Costco operations and its membership requirements 

result in different trip characteristics than those observed at the standard fu el stations summarized 

in the ITE Trip Generation Manual. The percentage of pass-by trips at Costco fuel stations is 

considerably lower than that quoted in the ITE manual for typical fuel stations. Correspondingly, 

membership requirements also have a significant effect on trip internalization (or sharing of trips) 

between the warehouse and the fuel station. Fewer people exclusively visit a Costco fuel station (in 

comparison to a typical standalone station) because they have another primary purpose for visiting 

the site (that being a trip to the warehouse). 

Internal Trips 
A key finding from the studies conducted at Costco facilities is that approximately 3 5% of the 

weekday p.m. and Saturday midday peak hour trips to and from Costco fueling stations are internal 

capture trips. Internal capture trips account for those members who patronize both the warehouse 

and the gasoline pumps during a single visit to the Costco site. As such, although they account for a 

trip to both the warehouse and the fuel station, they only accou nt for one overall vehicle trip to the 

site and on the surrounding transportation system. Table 1 shows that, based on studies including 

surveys at Costco fuel stations and membership card transaction data, on average 35% of the 

members buying gas during the weekday p.m. peak hour and 34% during the Saturday midday peak 
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hour are members whose main purpose to the site is to visit the Costco warehouse. The database 

shows that this number ranges from about 22% to as high as 65% at various sites, but for the 

purposes of conservative analysis an average estimate has been used. There are no internal shared 

trips between the warehouse and fuel station during the weekday a.m. peak hour as the Costco 

warehouse does not open until after this time in the morning. 

Pass-by Trips 
Another key trip characteristic that must be considered is that of pass-by trip capture. Pass-by trips 

represent members (and trips) that are currently traveling on the surrounding street network (for 

example, on NE 85th Street) for some other primary purpose (such as a trip from w ork to home) and 

stop into the site en route during their normal travel. As such, pass-by trips do not result in a net 

increase in traffic on the surrounding transportation system and, typically, their only effect occurs at 

the site access d riveways where they become turning movements. Table 1 shows tha t, based on 

studies using customer surveys at Costco Gasoline fuel stations, on average 32% of the trips during 

the weekday a.m. peak hour, 39% of the trips during the weekday p.m. peak hour, and 33% of the 

trips during the weekend midday peak hour can be classified as pass-by trip capture from the 

surrounding street system. This is lower than the average capture rate quoted in the ITE Trip 

Generation Manual for typ ical service stations (58% in the a.m. and 42% in the p.m.) and, again, is 

attributable to the unique travel characteristics that result from Costco's membership requirements. 

COMPARISON TO PREVIOUS TRIP GENERATION ESTIMATE 
Finally, the updated trip generation estimate summarized in Table 1 was compared to the trip 

generation used for the previous project analysis in 2008. Again, the trip generation estimate has 

been updated to include expanded data sample sizes in the Costco tra nsportation database, to 

account fo r the updated proposed site plan, and to reflect a refined estimate for the activity level of 

this site compared to other existing locations where trip generation data has been collected. The 

comparison of the updated 2011 estimate to that previous used in 2008 is outlined in Table 2. 
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2011 Update 

2008 Previous Analysis 

Table 2 Trip Generation Estimate Comparison 

Weekday Daily Weekday AM Weekday PM 
Trip Ends Peak Hour Peak Hour 

Total Trips 

4,530 220 420 

2,775 365 390 

Net New Trips 

2,000 150 170 

970 150 150 

ENCLOSURE4 
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Weekend Midday 
Peak Hour 

450 

410 

200 

115 

As can be seen from Table 2, with the exception of the total trips estimated for the weekday a.m. peak 

hour period which did not change, this updated date reflects an increased and more conservative 

estimate for the expected trip generation for the proposed Kirkland Costco Gasoline addition than 

was previously assumed in the 2008 analysis. All time period estimates for the number of net new 

trips generated by the project have either remained constant or increased (some significantly so) . 

The two time periods that show the most significant differences are the weekday daily and weekday 

a.m. peak hour estimates. This is due to the fact that the estimates prepared in 2008 for those two 

time periods were based on very limited sample sizes (only 1 or 2 data points) and the updated 

estimates now include data from several additional sites. 

We trust this memorandum provides the required information fo r the trip generation estimate for 

the Kirkland Costco Gasoline additi on project. If you have any question or require additional 

info rmation please contact us at (208) 338-2683 or shennum@kittelson.com. 
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CITY OF KIRKLAND 
123 FIFTH AVENUE e KIRKLAND, WASHINGTON 98033-6189 e (425) 587-3000 

To: 

From: 

Date: 

Subject: 

DEPARTMENT OF PUBLIC WORKS 
MEMORANDUM 

Planning Department 

Thang Nguyen, Transportation Engineer 

July 25, 2011 

Costco Gas Station Development, CON 11-00006 

The purpose of this memo is to inform you that the proposed Costco Gas Station development has passed 
traffic concurrency. This memo will serve as the concurrency test notice. 

Project Description 
The applicant is proposing to construct a 20 fueling position members only gas station at the current 
Kirkland Costco site. 

The proposed project passed traffic concurrency. This memo will serve as the concurrency test notice for 
the proposed project. Per Section 2510.020 Procedures of the KMC, this Concurrency Test Notice will 
expire in one year (July 25, 2012) unless a development permit and certificate of concurrency are issued 
or an extension is granted. 

EXPIRATION 
The concurrency test notice shall expire and a new concurrency test application is required unless: 
1. A complete SEPA checklist, traffic impact analysis and all required documentation are submitted to the 

City within 90 calendar days of the concurrency test notice. 

2. A Certificate of Concurrency is issued or an extension is requested and granted by the Public Works 
Department within one year of issuance of the concurrency test notice. (A Certificate of Concurrency is 
issued at the same time a development permit or building permit is issued if the applicant holds a valid 
concurrency test notice.) 

3. A Certificate of Concurrency shall expire six years from the date of issuance of the concurrency test 
notice unless all building permits are issued for buildings approved under the concurrency test notice. 

APPEALS 
The concurrency test notice may be appealed by the public or agency with jurisdiction. The concurrency 
test notice is subject to an appeal until the SEPA review process is complete and the appeal deadline has 
passed. Concurrency appeals are heard before the Hearing Examiner along with any applicable SEPA 
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appeal. For more information, refer to the Kirkland Municipal Code, Title 25. If you have any questions, 
please call me at x3869. 

cc: Advantage 
File 

\\srv-file02\Users\tnguyen\O_Private Development Projects\20 11\Costco gas Station\Costco Gas concuiTency test notice. doc 
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construct a member only gas station with 20 fueling positions 

1. Number of intersecUon exceeding A•erage VIC LOS Standard (2012) 
1. Sixth Year Target Average VIC ratio, see step 6. pa11 1 of 1he guidelines 

1\srv-file02\Usersltnguyen\O_Private Development Projects\201 1\Costeo gas Stabon\eosleo gas concurrency test xis page 2 
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Average Weekday Peak Hours 

Parking Lot Supply 10:00AM 

North Lot 239 22 
Main Lot 395 192 
East Lot 69 64 

Costco Toto/ 703 278 

On-Street - 8 
*on-street parking counts provided for reference 

Saturday Peak Hours 

Parking Lot Supply 12:00PM 

North Lot 239 79 
Main Lot 395 371 
East Lot 69 71 
Costco Total 703 521 

On-Street - 10 
*on-street parking counts provided for reference 

ll:OOAM 

20 
275 
72 

367 

7 

1:00PM 

66 
361 
71 

498 

8 

Hourly Parking Data 
August 2011 

12:00 PM 1:00PM 

24 29 
341 315 
71 66 

436 410 

5 8 

2:00PM 3:00PM 

67 60 
371 370 
70 69 

508 499 

7 7 

2:00PM 

34 
315 
67 

416 

7 

4:00PM 

80 
380 
70 

530 

8 

5:00PM 

51 

355 
66 

472 
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