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MEMORANDUM 
 

DATE: October 10, 2012 

TO: Todd Sherman 

Sherman Building Company, LLC 

FROM: Chris Forster, P.E. / Chris Bicket, P.E. 

 TENW 

SUBJECT: SR-202 Access Assessment 

Betrozoff Property Residential Development 

 TENW Project No. 4628 

This memorandum documents the SR-202 access assessment conducted for the proposed Betrozoff property 
residential development in Redmond, Washington.  The proposed development is located on the west side 
of Red-Wood Rd (SR-202) between NE 116th St and NE 124th St.  Please see the Betrozoff Property 
Access Memorandum (9/26/12) by ESM Consulting Engineers for information regarding access to 154th 

Place NE (included as Attachment A).  

Findings & Conclusions 

We conducted a detailed site access assessment to determine what roadway improvements would be 

required in order to provide a safe full access to the Betrozoff property along SR-202.  The following 
summarizes our findings: 

 The proposed site access on SR-202 serving up to 35 single-family lots is expected to operate at 

acceptable levels in 2016 (all movements at LOS C or better during the AM and PM peak hours).   

 Available intersection and stopping sight distances were observed to exceed (i.e. meet) the 

applicable standards at the proposed site access location on SR-202 (approximately 700-900 feet 
north of NE 116th Street).   This assumes on-site obstructions (grades, vegetation, etc) within the 
sight triangles are cleared to maintain visibility. 

 A center left-turn lane on SR-202 for use as a refuge lane is recommended and would enhance 

safety and efficiency for outbound left-turns from the site.  

 An exclusive northbound (inbound) left-turn lane is recommended on SR-202 at the site access 

based on our analysis and review of WSDOT guidelines. 

 An exclusive southbound (inbound) right-turn lane/pocket/taper on SR-202 is not needed based on 

our analysis and review of WSDOT guidelines. 

 An acceleration lane on SR-202 for outbound right-turns is not needed based on our analysis and 

review of WSDOT guidelines. 

 Our overall conclusion is that with the above mentioned improvements, a safe and efficient full 

access roadway connection serving 35 single-family lots can be provided on SR-202 at the 
proposed location.    
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Introduction 

We conducted a detailed site access assessment to determine what roadway improvements would be 
required in order to provide a safe full access to the Betrozoff property along SR-202.  The following items 
are addressed in this access analysis: 

 Project description 

 Trip generation 

 Traffic volume forecasts 

 Site access analysis, including: 

 Intersection LOS & Queues 

 Sight Distance 

 Intersection Sight Distance 

 Stopping Sight Distance 

 Turn Lane Analysis 

 Inbound Left-Turn Lane Analysis 

 Inbound Right-Turn Lane Analysis 

 Outbound Right-Turn Acceleration Lane 

Project Description 

Based on the site plan you provided (see Attachment B), the development of the Betrozoff property would 

include up to 17 single-family residential lots.   The development of the adjacent parcels would result in up 
to 18 additional lots, for a full buildout total of 35 lots.  Our access analysis for this project assumes full 
buildout with 35 single-family lots.  At full buildout, 2 existing homes would be demolished.  A single 
vehicular access to the development is being proposed via a new public road on the west side of SR-202.  

A preliminary location for site access was identified approximately 800 feet north of NE 116th Street, but 
we understand that the ultimate location will likely fall within a range of 700-900 feet.  We understand that 
this new roadway is proposed to provide full vehicular access onto SR-202.      

Trip Generation 

The trip generation estimates for the Betrozoff property development were based on the Institute of 
Transportation Engineers (ITE) Trip Generation Manual, 8th Edition, 2008 for Land Use Code (LUC) 210, 
Single Family Detached Housing. 

The weekday AM peak hour, PM peak hour, and daily trip generation estimates are shown in Table 1.  

Please note that for the purposes of this access analysis, no credit is being taken for the 2 existing homes 
that would be demolished.   
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Table 1 

Betrozoff Trip Generation Summary 

  Trips Generated 

Time Period In Out Total 

Weekday Daily 198 198 396 

Weekday AM Peak Hour 8 26 34 

Weekday PM Peak Hour 26 15 41 

As shown in Table 1, the proposed full buildout of Betrozoff (35 lots including adjacent parcels) is 
estimated to generate a total of 396 weekday daily trips, of which 34 are estimated to be generated 
during the weekday AM peak hour (8 entering, 26 exiting), and 41 are estimated to be generated during 

the weekday PM peak hour (26 entering, 15 exiting).   Trip generation calculations are included in 
Attachment C. 

Traffic Volume Forecasts 

Existing weekday AM and PM peak hour traffic counts were obtained at Red-Wood Road (SR-202)/NE 
116th Street in November 2011 (PM peak) and October 2012 (AM peak).  Based on these counts, the 
existing northbound and southbound through volumes at the site access location could be determined.   

The project is anticipated to be fully constructed and occupied by the year 2016.  Year 2016 baseline 

peak hour traffic volume forecasts were estimated based on an assumption of a 2 percent annual growth 
rate consistent with other recent studies in Redmond.   

New project-generated traffic from the Betrozoff site was distributed north and south on SR-202 based on 
existing travel patterns.  Based on the counts at SR-202/NE 116th Street, project traffic was distributed 60 
percent north and 40 percent south on SR-202.  The 2012 existing, 2016 baseline, project trip 

assignment, and 2016 with-project volumes at the site access are shown on Figure 1.   
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Figure 1  
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Site Access Assessment 

LOS/Queue Analysis 

The level of service and queue calculations were conducted using Synchro 8 Software.  This program is 
based on methodology outlined in the Highway Capacity Manual, Special Report 209, 2000 Edition.   

The reported queues are estimated 95th percentile queues that are exceeded only 5 percent of the time. 

The LOS analysis assumed the following geometry at the proposed site access on SR-202:   1 southbound 
through-right lane, 1 northbound left-turn lane, 1 northbound through lane, a center refuge lane on SR-202 
for left-turns exiting the site, and 1 shared left-right lane exiting the site.   

Table 2 summarizes the results of the 2016 with-project LOS and queue analyses.  The LOS and queue 

calculation sheets are included in Attachment D.  

Table 2 

2016 AM and PM Peak Hour Site Access LOS and Queue Summary 

 2016 With Project 

Time Period / Movement LOS1 Delay (sec) Queue (ft)2 

AM Peak    

SR-202 / Site Driveway    

EB Shared Left-Right (exiting) C 19.9 <25’ 

NB Left (entering) B 10.8 <25’ 

PM Peak    

SR-202 / Site Driveway    

EB Shared Left-Right (exiting) C 20.8 <25’ 

NB Left (entering) B 10.1 <25’ 

    

1 LOS = Level of Service, reported by movement for unsignalized intersections. 
2 Queues are 95th Percentile queues.  <25’ indicates 95th Percentile queue statistically less than 1 vehicle.   

The LOS results shown in Table 2 show that all stop controlled movements at the proposed site access on 
SR-202 are expected to operate at LOS C or better in 2016, with 95th percentile queues less than one 
vehicle during the peak hours.  It should be noted that without a center refuge lane for left turns exiting the 
site, the eastbound (outbound) approach would be estimated to operate at LOS F during the PM peak hour.  

Therefore, to improve both operations and safety for the outbound left turn, we recommend that a center 
refuge lane be provided to accommodate storage for at least one left-turn vehicle exiting the site.  This will 
allow left-turns to exit the site more efficiently since they would only need to yield to one direction at a time.    
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Sight Distance 

Existing intersection (entering) sight distance (ISD) and stopping sight distance (SSD) were evaluated in the 
field at the location of the proposed site access road on SR-202 on October 4, 2012.  A preliminary 

location for the proposed site access was shown at a location approximately 800 feet north of NE 116th 
Street (see site plan).   However, our sight distance evaluation is valid for a site access located in an 
approximate range of 700-900 feet north of NE 116th Street. 

The sight distance measurements were based on the standards outlined in the Redmond Zoning Code 

(RZC), Appendix 2. Construction Specification and Design Standards for Streets and Access.  Since Red-
Wood Road (SR-202) is a state highway, we also reviewed the Washington State Department of 
Transportation (WSDOT) Design Manual sight distance standards.  Based on our review, we believe that 
the RZC standards are generally equal to or more restrictive than the WSDOT standards.  Therefore, we 
followed the RZC standards for this assessment. 

Intersection (Entering) Sight Distance (ISD) 

The RZC specifies the use of a driver’s eye height of 3.5 feet and object height of 2.0 feet for ISD.  Since 
no setback measurement was specified in the RZC, we believe the use of AASHTO standards are 
appropriate (14.5 feet back from the edge of travelled way).  The RZC specifies use of a design speed of 

10 mph over the posted speed limit (40 mph posted on SR-202).  Therefore the design speed used was 50 
mph. 

At the location of the proposed site access, it was not possible to stand in a location 14.5 feet back from 
the edge of the travelled way due to topography.  Therefore our assessment of ISD was based on our clear 
view from the shoulder of the roadway, which is sufficient to confirm whether the SR-202 roadway 

geometry/profile would limit the ISD.  We were also able to note obstructions that would likely be within 
the sight triangle had we been able to stand 14.5 feet back. 

Based on a 50 mph design speed on SR-202, the recommended ISD from RZC Appendix 2 Table 9 is 
555 feet.  Using the AASHTO methodology, adjustments were made to this value to account for crossing 2 

lanes (one center left-turn refuge lane and one southbound through lane).  The adjusted value for ISD used in 
this assessment was 588 feet.  Looking to the north and south along SR-202 from the roadway shoulder, 
the available ISD was observed to be in excess of 588 feet.   

Two probable sight obstructions were noted to be within the sight triangles, both of which appeared to be 

located either within right-of-way or on the Betrozoff property:  1 large weeping willow tree overhanging 
the roadway and one small alder tree, both located in the northern sight triangle.  The southern sight 
triangle did not contain any obvious obstructions, but if any existed they would be within the Betrozoff 
property frontage and could be removed with the project.   

Assuming all obstructions with the sight triangles are trimmed or removed with the project, the intersection 

sight distance at the proposed site access location on SR-202 meets the applicable standards.   Photos 
looking north and south on SR-202 as well as photos of the probable sight obstructions are included below. 
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View from site access location looking north on SR-202 

 

 
View from site access location looking south on SR-202 
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Probable sight obstruction looking north (large willow tree) 

 

 
Probable sight obstruction looking north (alder tree) 
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Stopping Sight Distance (SSD) 

RZC standards specify use of a driver’s eye height of 3.5 feet and an object height of 0.5 feet for SSD.  
For SSD on an arterial street, the RZC specifies use of a design speed of 10 mph over the posted speed 

limit (40 mph posted on SR-202).  Therefore the design speed used was 50 mph. 

Based on a 50 mph design speed on SR-202, the recommended SSD from RZC Appendix 2 Table 6 is 
425 feet.  Using the AASHTO methodology, adjustments were made to this value to account for grades 
(NB = -5.8 percent, SB = +3.6 percent).  The adjusted value for northbound SSD was 471 feet, and the 

adjusted value for SSD southbound was 401 feet.  Based on our field observations, the available stopping 
sight distance on both approaches to the site access location is in excess of these standards.   

Turn Lane Analysis 

Inbound Left-Turn Lane Analysis 

The WSDOT Design Manual outlines the following guidelines to determine whether or not to consider left-

turn lanes at unsignalized intersections: 

 A traffic analysis indicates congestion reduction with a left-turn lane.  On two-lane highways, use 
Exhibit 1310-15a (Design Manual) based on total traffic volume (DHV) for both directions and 
percent left-turn traffic, to determine whether further investigation is needed. 

 A study indicates crash reduction with a left-turn lane. 

 Restrictive geometrics require left-turning vehicles to slow greatly below the speed of the through 
traffic. 

 There is less than decision sight distance for traffic approaching a vehicle stopped at the 
intersection to make a left-turn. 

Based on our analysis of year 2016 with-project AM and PM peak hour volume conditions at the site 
access location on SR-202 using Exhibit 1310-15a, the need for an inbound left-turn lane is unclear as the 
DHV is well beyond the limits of the graph (see Attachment E).  However, considering the relatively high 
volumes on SR-202 at this location and the downhill (-5.8 percent) grade on the northbound approach, an 

inbound left-turn lane is recommended to enhance both traffic operations and safety.  In addition, since a 
center refuge lane for outbound left-turns is also recommended, the inbound left-turn lane would take 
advantage of roadway widening that will be necessary for the outbound left-turn refuge (and vice-versa).   
Based on WSDOT guidelines, the inbound left-turn lane should be a minimum of 100 feet in length. 

Inbound Right-Turn Lane Analysis 

The WSDOT Design Manual outlines the following guidelines to determine whether or not to consider right-
turn lanes at unsignalized intersections: 

 Recommendation from Exhibit 1310-19 (Design Manual). 

 A collision study indicates an overall crash reduction with a right-turn lane. 

 The presence of pedestrians requires right-turning vehicles to stop. 
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 Restrictive geometrics require right-turning vehicles to slow greatly below the speed of the through 
traffic. 

 There is less than decision sight distance for traffic approaching the intersection. 

Based on our analysis of the estimated year 2016 with-project AM and PM peak hour traffic volumes at the 
site access location on SR-202 using Exhibit 1310-19, the southbound through and right-turn volumes do 
not indicate the need for a right-turn lane, pocket, or taper (see Attachment E).  Although the through+right 
volumes are located outside the limits of the graph, the WSDOT guidelines do not indicate a need for a 

right-turn lane, pocket, or taper when the peak hour right-turn volume is below 20.  The peak hour right-turn 
volume is only estimated to be 10 (PM Peak Hour).  In addition, the uphill (+3.6 percent) grade is 
advantageous as it will help vehicles slow down when following a vehicle turning right.  There is no crash 
history, there will not be a significant number of pedestrians crossing the access, and there is adequate 
sight distance.  Based on our analysis, we believe an inbound right-turn lane is not needed at this location.   

Outbound Right-Turn Acceleration Lane 

An acceleration lane on SR-202 to accommodate right-turns exiting the site was considered.  The WSDOT 
Design Manual does not have well defined guidelines on when acceleration lanes are recommended.  The 
Design Manual states that acceleration lanes are “not as advantageous [as deceleration lanes] because 

entering drivers can wait for an opportunity to merge without disrupting through traffic.”  One should also 
consider the degree of conflict between the outbound right-turns and through vehicles, and whether any 
sight distance issues exist.  Since the volume of right turns exiting the site is expected to be low (10 vehicles 
during the AM peak hour and 6 vehicles during the PM peak hour), and since sight distance is expected to 
meet or exceed standards, we do not believe a right-turn acceleration lane for outbound traffic at the 

proposed site access is needed.   

 
If you have any questions regarding the information presented in this memo, please contact me at 
forster@tenw.com or Chris Bicket at bicket@tenw.com. 

cc: Eric LaBrie, ESM Consulting Engineers, LLC 
 Jeff Haynie, P.E., Principal, TENW 
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Betrozoff Property 154th Place NE Access Assessment 

By ESM Consulting Engineers 
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Preliminary Site Plan 
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Trip Generation Calculations 
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ITE

Land Use Area Units 
1

LUC 
2

In Out Trip Rate In Out Total

Daily

Single Family 35 DU 210 50% 50% Equation 198 198 396

AM Peak Hour

Single Family 35 DU 210 25% 75% Equation 8 26 34

PM Peak Hour

Single Family 35 DU 210 63% 37% Equation 26 15 41

Notes:

1
 DU = Dwelling Units

2 
 Institute of Transportation Engineers, Trip Generation  Manual, 8th edition  Land Use Code.  

Betrozoff

Trip Generation Summary

Trips GeneratedDirectional Distribution

Betrozoff

TENW Project. #4628   10/5/2012 Betrozoff - Trip Generation 
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LOS & Queue Calculations 
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HCM Unsignalized Intersection Capacity Analysis
1: Red-Wood Rd & Proposed Access 10/5/2012

Betrozoff Property Synchro 8 Report
2016 With Project AM Peak - With Turn Lanes Page 1

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 16 10 3 569 1033 5
Sign Control Stop Free Free
Grade 0% -6% 4%
Peak Hour Factor 0.92 0.92 0.84 0.84 0.95 0.95
Hourly flow rate (vph) 17 11 4 677 1087 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None TWLTL
Median storage veh) 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1775 1090 1093
vC1, stage 1 conf vol 1090
vC2, stage 2 conf vol 685
vCu, unblocked vol 1775 1090 1093
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s) 5.4
tF (s) 3.5 3.3 2.2
p0 queue free % 94 96 99
cM capacity (veh/h) 276 262 628

Direction, Lane # EB 1 NB 1 NB 2 SB 1
Volume Total 28 4 677 1093
Volume Left 17 4 0 0
Volume Right 11 0 0 5
cSH 270 628 1700 1700
Volume to Capacity 0.10 0.01 0.40 0.64
Queue Length 95th (ft) 9 0 0 0
Control Delay (s) 19.9 10.8 0.0 0.0
Lane LOS C B
Approach Delay (s) 19.9 0.1 0.0
Approach LOS C

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 64.7% ICU Level of Service C
Analysis Period (min) 15

ATTACHMENT 36



HCM Unsignalized Intersection Capacity Analysis
1: Red-Wood Rd & Proposed Access 10/5/2012

Betrozoff Property Synchro 8 Report
2016 With Project PM Peak - With Turn Lanes Page 1

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 9 6 16 1163 883 10
Sign Control Stop Free Free
Grade 0% -6% 4%
Peak Hour Factor 0.92 0.92 0.94 0.94 0.94 0.94
Hourly flow rate (vph) 10 7 17 1237 939 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None TWLTL
Median storage veh) 2
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 2216 945 950
vC1, stage 1 conf vol 945
vC2, stage 2 conf vol 1271
vCu, unblocked vol 2216 945 950
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s) 5.4
tF (s) 3.5 3.3 2.2
p0 queue free % 95 98 98
cM capacity (veh/h) 211 318 727

Direction, Lane # EB 1 NB 1 NB 2 SB 1
Volume Total 16 17 1237 950
Volume Left 10 17 0 0
Volume Right 7 0 0 11
cSH 243 727 1700 1700
Volume to Capacity 0.07 0.02 0.73 0.56
Queue Length 95th (ft) 5 2 0 0
Control Delay (s) 20.8 10.1 0.0 0.0
Lane LOS C B
Approach Delay (s) 20.8 0.1 0.0
Approach LOS C

Intersection Summary
Average Delay 0.2
Intersection Capacity Utilization 71.2% ICU Level of Service C
Analysis Period (min) 15
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WSDOT Turn Lane Guidelines 
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Intersections at Grade Chapter 1310 

Page 1310-26 WSDOT Design Manual  M 22-01.07 
 yluJ  2010 

[2]

[2]

[2]

 
Notes:
[1] DHV is total volume from both directions. 
[2] Speeds are posted speeds. 

Left-Turn Storage Guidelines: Two-Lane, Unsignalized 
Exhibit 1310-U15a

BETROZOFF PROPERTY
2016 PEAK HOUR VOLUMES

PM PEAK HOUR VOLUMES
Total DHV = 2,072
% Total DHV Turning Left = 0.8%

AM PEAK HOUR VOLUMES
Total DHV = 1,610
% Total DHV Turning Left = 0.2%
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Intersections at Grade  Chapter 1310 

Page 1310-40 WSDOT Design Manual  M 22.01.08 
July 2011 

 
Notes:
[1] For two-lane highways, use the peak hour DDHV (through + right-turn). 
 For multilane, high-speed highways (posted speed 45 mph or above), use the right-lane 

peak hour approach volume (through + right-turn). 
[2] When all three of the following conditions are met, reduce the right-turn DDHV by 20: 
  • The posted speed is 45 mph or below 

 • The right-turn volume is greater than 40 VPH 
 • The peak hour approach volume  (DDHV) is less than 300 VPH 

[3] For right-turn corner design, see Exhibit 1310-14 . 
[4] For right-turn pocket or taper design, see Exhibit 1310-20 . 
[5] For right-turn lane design, see Exhibit 1310-21 . 

General: 
For additional guidance, see 1310.07(3) . 

Right-Turn Lane Guidelines[6]

Exhibit 1310-U19 

(4) Speed Change Lanes 

A speed change lane is an auxiliary lane primarily for the acceleration or deceleration of 
vehicles entering or leaving the through traveled way. Speed change lanes are normally 
provided for at-grade intersections on multilane divided highways with access control. 
Where roadside conditions and right of way allow, speed change lanes may be provided 
on other through roadways. Justi�cation for a speed change lane depends on many 
factors, including speed; tra�c volumes; capacity; type of highway; design and 
frequency of intersections; and collision history.

BETROZOFF PROPERTY
2016 PEAK HOUR VOLUMES

AM PEAK HOUR VOLUMES
DDHV = 1,038
SB RIGHT-TURN VOLUME = 5

PM PEAK HOUR VOLUMES
DDHV = 893
SB RIGHT-TURN VOLUME = 10
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