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Preface 

 

This update report was prepared for the Missouri Department of Transportation 

(MoDOT) under the requirements of the MoDOT project titled, ñAdaptive Signal Timing 

Research Along Route 291 in Kansas City, Missouri.ò The report was prepared by Ms. Jessica 

M. Hutton, Mr. Douglas W. Harwood, Mr. David K. Gilmore, Ms. Courtney D. Bokenkroger, 

and Ms. Melanie M. Meyer of Midwest Research Institute (MRI). The report presents a summary 

of the field measurements and other data collected during the first after-period study conducted in 

April 2009, including travel times, delay, fuel consumption, emissions, minor-street delay, and 

axle counts. These data are compared to the data collected during the before-period study 

completed in November 2008. 
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ADAPTIVE SIGNAL TIMI NG RESEARCH ALONG ROUTE 291 

IN KANSAS CITY, MISS OURI 
 

UPDATE REPORT FOR FIRST AFTER-PERIOD STUDY 
 

 

OBJECTIVES 

 

The objective of the project is to evaluate the traffic operational effectiveness of the 

InSync adaptive signal timing system to be installed in the Kansas City area on Missouri Route 

291 in Leeôs Summit. The purpose of the InSync adaptive signal timing system is to reduce travel 

time and delay along a 2.5-mi corridor on MO 291 in Leeôs Summit between Mulberry Street, 

located approximately 0.7 mi south of Interstate Route 470, and US Route 50. The corridor 

includes 12 signalized intersections. The system is expected to reduce fuel consumption, 

emissions, travel time, and delay for traffic on MO 291, as well as delay for traffic on the minor 

streets. The evaluation will be based on traffic operational field data collected both before and 

after deployment of the adaptive traffic control system. Measures of effectiveness that will be 

compared between periods both before and after the system deployment will include travel time, 

stop frequency, stopped delay, minor-street delay, traffic speed profile, cycle length, fuel 

consumption, and emissions.  

 

This evaluation will provide information about the traffic operational and environmental 

benefits provided by the InSync signal system for the MO 291 corridor. Results of this study will 

be useful for determining the suitability of the system for similar corridors. 

 

This report provides an update to MoDOT regarding the field data collection for the first 

after-period study, which was conducted by MRI between April 28
 
and May 7, 2009. This study 

took place approximately one month after the implementation of the InSync system was 

completed. The before-period data collected in November 2008 serves as a baseline to which the 

results from the first study period after deployment of the adaptive signal timing system is 

compared. A final report will present the results of the second after-period study conducted 

approximately five months after the first after-period study, in September 2009.  

 

 

FIELD DATA COLLECTIO N AND PRELIMINARY RESU LTS 

 

The field data collection for the first after-period study was designed to replicate the 

before-period study as closely as possible. Travel time runs and minor-street delay studies were 

completed during the same time-of-day and day-of-week periods during both studies. Any 

differences in the conduct of the two studies are discussed in the appropriate section of the report. 

 

The first after-period study included the following components, each of which is 

described in more detail below: 
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 Travel time study along the MO 291 corridor from Mulberry Street on the north 

end to US 50 on the south end 

 Minor-street delay study at the intersections of MO 291 with Tudor Road, 

Chipman Road, Columbus Street, and Langsford Road  

 Traffic volume counts along the corridor 

 Other field observations 

 A summary of MoDOTôs experience with the InSync system to date 

 

 

Travel Time Study 

 

The travel time study involved measuring the time required for each of a series of 

vehicles runs through the corridor. Three to five vehicle runs in each direction of travel on each 

of three days (Tuesday, Wednesday, and Thursday) were conducted during each of the following 

time periods: 

 

 AM Peak  (7:30 am to 8:30 am) 

 Off Peak  (9:00 am to 11:00 am) 

 Noon Peak (12:00 pm to 1:00 pm) 

 PM Peak (3:00 pm to 6:00 pm) 

 Night (10:30 pm to 11:00 pm) 

 

Because rain was encountered during the first study week, travel time runs were conducted over a 

two-week period to ensure all of the runs for a given day and time period were collected.  

 

Travel runs started and ended on the southbound ramp from Colbern Road onto MO 291, 

and at the signal at the south outer road to US 50, depending on the direction of travel. The travel 

times were measured using a laptop computer running the PC-Travel software connected to a 

GPS receiver mounted on the roof of the vehicle. The driver was able to stop and the start the 

data collection from safe locations while the vehicle was stopped and was not required to take 

any additional action while the vehicle was moving. The software gathered location information 

from the GPS receiver at one-second intervals and calculated vehicle speed along the corridor 

based on this information. In order to have a consistent location for each runôs start and stop 

points, only the data gathered between Mulberry Street and the signal at the south US 50 ramp 

were analyzed. These two points define the limits of the corridor study. 

 

Figure 1 shows a map of the corridor with each signalized intersection labeled. The 

signalized intersections represent the locations where delay is expected and are also used to 

match the data from one run to the next.   

 

The drivers conducting the travel time runs were instructed to use the ñfloating carò 

method, in which the driver attempts to drive with the flow of traffic, changing lanes so as to 

pass as many cars as he or she is passed by. This method is used so that the travel times collected 
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are representative of the travel time of the average vehicle traveling through the corridor. When 

intersections are closely spaced and traffic is heavy, lane change opportunities become limited. 

Traffic in the right and left through lanes may flow at different speeds, depending on the number 

of vehicles planning to turn at upcoming intersections, and the driver performing the travel time 

run may be ñstuckò in one lane or the other. While this condition may result in travel times that 

do not represent the average car, averaging many travel time runs for the same time period will 

help eliminate the bias that may be present in the individual runs. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1.  Map showing MO 291 corridor with signalized intersections  

labeled. 

 

Table 1 below indicates the number of runs that were completed during each of the time 

periods, in each direction, on each day of the study. Due to rain on Wednesday and Thursday of 

the first week of the study, some of the runs were completed during Wednesday and Thursday of 

the following week. For the purpose of this study, the data from all of the runs in a given 

direction for a given time period were averaged. For example, over the three days on which runs 
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were completed during the AM peak period, 12 runs were collected in the northbound direction. 

These 12 runs were averaged for analysis.  
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TABLE  1.  Number of completed runs by time period, direction, and day of study. 

Direction Day 

Number of complete runs for each time period 

Total AM peak Off peak Noon peak PM peak Night 

NB 

28ïApr 4 5 4 4 4 21 

29ïApr 4 4 4 ï 4 16 

30ïApr ï ï ï ï 4 4 

6ïMay ï ï ï 4 ï 4 

7ïMay 4 4 4 2 ï 14 

Total 12 13 12 10 12 59 

SB 

28ïApr 4 4 4 4 4 20 

29ïApr 4 4 4 ï 4 16 

30ïApr ï ï ï ï 4 4 

6ïMay ï ï ï 4 ï 4 

7ïMay 4 4 4 2 ï 14 

Total 12 12 12 10 12 58 

TOTAL   24 25 24 20 24 117 

 

 

Tables 2 through 6 below present the summary statistics for the travel runs described 

above. The summary statistics include the travel time for each segment averaged over all the runs 

for a given time period and direction of travel, as well as other measures of effectiveness such as 

average speed, total delay, congested time, fuel consumption and emissions. The study corridor is 

divided into 11 segments, each beginning at one signalized intersection and ending at the next. 

The summary statistics shown for the entire corridor are broken down by segment in Appendix 

A, providing an additional level of detail for analysis. The measures of effectiveness presented 

here for the corridor and in Appendix A for each segment include: 

 

 Travel timeðthe average time in seconds it took for the vehicle to travel along 

the segment, from one intersection to the next. 

 Average number of stopsðthe number of times the vehicle speed fell below 

3 mph along the corridor, averaged over all the runs for each direction of travel 

during each time period. 

 Average speedðthe length of the corridor divided by the average travel time for 

the corridor, expressed in miles per hour. 

 Total delayðthe travel time over the corridor of each run minus the time it would 

have taken the vehicle to travel across the corridor if it were able to travel at the 

normal speed of traffic, averaged over all runs for a given time period in each 

direction. The normal speed is defined here as the posted speed limit of 45 mph. 

The total delay includes control delay, stop delay and approach delay. 

 Stopped timeðthe average number of seconds per run spent traveling at a speed 

of less than or equal to 3 mph. This speed which constitutes a ñstopò was defined 

as 3 mph for consistency with travel time studies conducted by the Mid-America 

Regional Council (MARC).   
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 Congested timeðsimilar to stopped time, the average number of seconds per run 

spent below a user-defined ñcongested speed.ò For this study, both a congested 

speed of 20 mph (which corresponds with MARCôs definition of congested 

speed) and a congested speed of 30 mph were used to represent varying degrees of 

congestion.  

 Fuel consumptionðaverage fuel consumption in gallons for a passenger car was 

estimated by the PC-Travel software based on travel time and average speed. 

While this number may not truly represent the amount of fuel consumed by the 

ñtypicalò vehicle traveling through the study corridor, it is a valid measure for 

comparison of relative fuel consumption from one study to the next. In other 

words, the change in fuel consumption over the study corridor from the before 

period to the after period will be considered as a measure of effectiveness rather 

than the estimated amount of fuel consumed during each study. 

 Emissionsðaverage emissions of Volatile Organic Compounds (VOC), Carbon 

Monoxide (CO), and Oxides of Nitrogen (NOX), each measured in grams, were 

derived from estimated fuel consumption by the PC-Travel software. Like fuel 

consumption, this number may not truly represent the level of emissions for the 

ñtypicalò vehicle traveling through the study corridor, but it is a valid measure for 

comparison of relative fuel consumption from one study to the next.  

 

Each of these measures of effectiveness presented in Tables 2 through 6 show the results of the 

before-period study, the results of the first after-period study, the nominal difference between the 

two, and the percent change from the before to the after studies. After the second after-period 

study is complete, the raw data from all three after periods will be reviewed by a statistician, who 

will use the data to model travel time and delay by time of day. Differences in these measures of 

effectiveness between the before and after periods will be assessed for statistical significance at 

that time. 

 

A preliminary analysis of these measures of effectiveness indicate that average travel 

times were reduced and average speeds were increased along the corridor in both directions of 

travel and during all of the time-of-day study periods but one. Effectiveness measures that show 

an improvement after the installation of the InSync adaptive signal system are highlighted in 

green. Those that have not improved are highlighted in red. During the AM period in the 

northbound direction, there was a slight increase in average travel time and a slight decrease in 

average speed after the implementation of the InSync system. Similarly, the benefits realized in 

the PM period in the southbound direction were minimal. The traffic engineering staff at the 

MoDOT District 4 office confirmed that the coordinated signal timing plan in use prior to the 

implementation of the adaptive system was designed to promote progression in the northbound 

direction during the AM period and the southbound direction during the PM period. For this 

reason, more drastic improvements were expected in the non-peak direction of travel. The results 

shown in Tables 2 though 6 confirm those expectations and indicate that the InSync system has a 

greater effectiveness for non-peak traffic flows. 

 

The greatest nominal improvements in travel time and average speed were seen during 

the morning peak, morning off peak, and noon peak periods in the southbound direction, when 
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average travel times were reduced by 30 percent or more, and average speeds were increased by 

50 percent or more. The measure of effectiveness that showed one of the greatest changes after 

installation of the adaptive system was the average number of stops. This measurement is 
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TABLE 2.  Comparison of results from travel time runs during the morning peak period. 

Morning peak period 

Travel 

time 

(s) 

Avg 

No. of 

stops 

Avg 

speed 

(mph) 

Total 

delay 

(s) 

Time <= 

3 mph 

(s) 

Time <= 

20 mph 

(s) 

Time <= 

30 mph 

(s) 
Fuel 
(gals) 

HC 
(gr) 

CO 
(gr) 

NOx 
(gr) 

NB 

Before 247.3 0.6 37.0 41.8 7.6 22.3 42.6 0.1202 10.0684 118.8621 5.8717 

After 251.5 0.8 36.4 44.3 12.9 26.1 45.4 0.1225 10.3279 118.5959 6.1123 

Change 4.2 0.2 ï0.6 2.5 5.3 3.8 2.8 0.0023 0.2595 ï0.2662 0.2406 

% Change 1.7 28.6 ï1.7 5.8 70.3 17.2 6.7 1.9 2.6 ï0.2 4.1 

SB 

Before 334.0 3.5 27.7 126.3 51.5 105.2 150.0 0.1484 14.5944 147.9906 9.5730 

After 233.9 0.2 39.5 24.6 1.5 8.5 22.2 0.1140 8.4096 99.5473 4.3863 

Change ï100.1 ï3.3 11.8 ï101.7 ï50.0 ï96.7 ï127.8 ï0.0344 ï6.1848 ï48.4433 ï5.1867 

% Change ï30.0 ï95.2 42.8 ï80.5 ï97.1 ï91.9 ï85.2 ï23.2 ï42.4 ï32.7 ï54.2 

NOTE:  Green highlighting indicates improvement; red highlighting indicates no improvement. 

 

 

TABLE 3.  Comparison of results from travel time runs during the morning off-peak period. 

Morning off peak 
period 

Travel 

time 

(s) 

Avg 

No. of 

stops 

Avg 

speed 

(mph) 

Total 

delay 

(s) 

Time <= 

3 mph 

(s) 

Time <= 

20 mph 

(s) 

Time <= 

30 mph 

(s) 
Fuel 

(gals) 
HC 
(gr) 

CO 
(gr) 

NOx 
(gr) 

NB 

Before 248.5 0.8 36.9 42.1 7.0 21.5 44.8 0.1230 10.9072 129.8103 6.7087 

After 241.1 0.7 38.0 33.9 8.3 15.8 30.3 0.1178 9.4172 112.3041 5.2656 

Change ï7.4 ï0.1 1.1 ï8.2 1.3 ï5.7 ï14.5 ï0.0052 ï1.4900 ï17.5062 ï1.4431 

% Change ï3.0 ï7.7 3.1 ï19.4 18.7 ï26.3 ï32.3 ï4.2 ï13.7 ï13.5 ï21.5 

SB 

Before 366.2 4.4 25.2 158.7 78.2 134.3 185.3 0.1523 14.9366 149.0118 9.3626 

After 228.1 0.2 40.5 19.5 4.8 6.8 13.4 0.1124 7.8588 96.4903 3.8332 

Change ï138.1 ï4.2 15.3 ï139.2 ï73.4 ï127.5 ï171.9 ï0.0399 ï7.0778 ï52.5215 ï5.5294 

% Change ï37.7 ï96.2 60.5 ï87.7 ï93.9 ï94.9 ï92.8 ï26.2 ï47.4 ï35.2 ï59.1 

NOTE:  Green highlighting indicates improvement; red highlighting indicates no improvement. 
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TABLE 4.  Comparison of results from travel time runs during the noon peak period. 

Noon peak  
period 

Travel 

time 

(s) 

Avg 

No. of 

stops 

Avg 

speed 

(mph) 

Total 

delay 

(s) 

Time <= 

3 mph 

(s) 

Time <= 

20 mph 

(s) 

Time <= 

30 mph 

(s) 
Fuel 

(gals) 
HC 
(gr) 

CO 
(gr) 

NOx 
(gr) 

NB 

Before 306.5 1.8 29.9 99.7 53.4 76.5 102.0 0.1362 12.5541 140.5607 7.4976 

After 268.7 0.8 34.1 61.4 22.2 35.0 62.4 0.1271 11.4909 132.6214 7.0097 

Change ï37.8 ï1.0 4.2 ï38.3 ï31.2 ï41.5 ï39.6 ï0.0091 ï1.0632 ï7.9393 ï0.4879 

% Change ï12.4 ï54.2 14.1 ï38.4 ï58.5 ï54.3 ï38.8 ï6.7 ï8.5 ï5.6 ï6.5 

SB 

Before 393.1 4.7 23.5 185.8 104.7 162.8 206.9 0.1600 16.0469 159.9100 10.0226 

After 259.8 0.8 35.5 50.8 18.3 29.7 50.0 0.1215 9.9873 116.1518 5.6090 

Change ï133.3 ï3.9 12.0 ï135.0 ï86.4 ï133.1 ï156.9 ï0.0385 ï6.0596 ï43.7582 ï4.4136 

% Change ï33.9 ï84.0 51.3 ï72.6 ï82.6 ï81.8 ï75.8 ï24.0 ï37.8 ï27.4 ï44.0 

NOTE:  Green highlighting indicates improvement; red highlighting indicates no improvement. 

 

 

TABLE 5.  Comparison of results from travel time runs during the evening peak period. 

Evening peak 
period 

Travel 

time 

(s) 

Avg 

No. of 

stops 

Avg 

speed 

(mph) 

Total 

delay 

(s) 

Time <= 

3 mph 

(s) 

Time <= 

20 mph 

(s) 

Time <= 

30 mph 

(s) 
Fuel 
(gals) 

HC 
(gr) 

CO 
(gr) 

NOx 
(gr) 

NB 

Before 293.9 1.5 31.2 88.0 47.4 67.8 94.7 0.1334 12.0321 138.2601 7.1138 

After 265.4 1.1 34.5 59.6 25.8 40.1 62.8 0.1284 11.3299 131.8751 6.8523 

Change ï28.5 ï0.4 3.3 ï28.4 ï21.6 ï27.7 ï31.9 ï0.0050 ï0.7022 ï6.3850 ï0.2615 

% Change ï9.7 ï24.7 10.7 ï32.3 ï45.6 ï40.9 ï33.7 ï3.7 ï5.8 ï4.6 ï3.7 

SB 

Before 344.8 2.6 26.8 137.1 70.5 113.1 153.7 0.1424 13.1602 135.9095 7.7200 

After 290.1 1.4 31.8 81.7 25.5 56.7 94.6 0.1293 11.6252 126.1154 6.9727 

Change ï54.7 ï1.2 5.0 ï55.4 ï45.0 ï56.4 ï59.1 ï0.0131 ï1.5350 ï9.7941 ï0.7473 

% Change ï15.9 ï46.9 18.9 ï40.4 ï63.8 ï49.9 ï38.5 ï9.2 ï11.7 ï7.2 ï9.7 

NOTE:  Green highlighting indicates improvement; red highlighting indicates no improvement. 
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TABLE 6.  Comparison of results from travel time runs during the night off-peak period. 

Late night off- 
peak period 

Travel 

time 

(s) 

Avg 

No. of 

stops 

Avg 

speed 

(mph) 

Total 

delay 

(s) 

Time <= 

3 mph 

(s) 

Time <= 

20 mph 

(s) 

Time <= 

30 mph 

(s) 
Fuel 

(gals) 
HC 
(gr) 

CO 
(gr) 

NOx 
(gr) 

NB 

Before 244.1 1.5 37.6 42.6 15.8 35.2 54.9 0.1336 11.7533 142.3867 7.5954 

After 209.1 0.3 43.8 10.3 0.6 6.2 14.6 0.1208 9.2852 122.2661 5.4662 

Change ï35.0 ï1.2 6.2 ï32.3 ï15.2 ï29.0 ï40.3 ï0.0128 ï2.4681 ï20.1206 ï2.1292 

% Change ï14.3 ï83.3 16.7 ï75.7 ï96.3 ï82.5 ï73.4 ï9.6 ï21.0 ï14.1 ï28.0 

SB 

Before 251.2 1.7 36.8 47.1 18.8 41.4 60.0 0.1270 9.8046 110.1775 5.6526 

After 244.0 1.4 37.9 38.4 15.7 33.3 50.0 0.1253 9.5533 110.4291 5.4592 

Change ï7.2 ï0.3 1.1 ï8.7 ï3.1 ï8.1 ï10.0 ï0.0017 ï0.2513 0.2516 ï0.1934 

% Change ï2.9 ï15.0 2.9 ï18.4 ï16.8 ï19.5 ï16.7 ï1.3 ï2.6 0.2 ï3.4 

NOTE:  Green highlighting indicates improvement; red highlighting indicates no improvement. 
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important because drivers are probably more aware of the number of traffic signals at which they 

are stopped than of their travel time or speed. Excessive stops can cause drivers to be frustrated 

and to engage in more aggressive or risky behaviors on the road. This study showed that the 

average number of times the vehicle stopped on the southbound runs during the two morning 

study periods fell from more than 4 to 0.2. This means that in the after period, the driver stopped 

only one time during five runs. 

 

Most time periods also show a measurable reduction in travel time spent under the 

congested speed thresholds of 20 mph and 30 mph. These reductions are greatest during the 

morning, off-peak and noon-peak time periods. In the southbound direction of travel, these three 

time periods show the greatest fuel savings, with a reduction in fuel consumption of about 

25 percent. Other periods show minor reductions in fuel consumption. Emissions are generally 

related to fuel consumption, so the time periods with the greatest reduction in fuel consumption 

also show the greatest reduction in the three emissions measured, with reductions during those 

periods ranging from 30 to 60 percent. 

 

The observations presented here are merely nominal comparisons and have not been 

tested for statistical significance. After the second after-period study has been completed, all of 

the after-period data will be analyzed for statistically significant differences between the before 

and after study data. 

 

In addition to these statistics, speed profiles for each run were generated, showing the 

vehicleôs speed along the length of the corridor. The speed profiles are presented in Appendix B. 

The speed profiles of each run during each time period for each direction of travel were 

combined into one graph. Each graph includes both the before-period and after-period runs for 

each direction and time of day. Before-period runs are indicated in blue, and after-period runs are 

indicated in red. The average of all runs is shown with a thick black line. As expected, the lines 

tend to move inward, indicating a slower speed, at several of the intersections, which are labeled 

on the x-axis. In general, the red lines do not tend toward the x-axis as much as the blue lines do, 

indicating that vehicles were not required to slow as frequently or as much after the installation 

of the InSync signal timing system. Time-space diagrams were also generated for each run and, 

like the speed profiles, are grouped by time of day and direction of travel. The time-space 

diagrams are presented in Appendix B. Blue lines represent the before-period runs and red lines 

represent the after-period runs. The green line indicates the time-space diagram of a vehicle 

traveling through the corridor at 45 mph with no delay. At intersections, the blue and red lines 

tend to move horizontally, indicating time is elapsing while the vehicle is not moving forwardð

or delay at the signal. In general, the red lines show less of this horizontal path in the time-space 

diagram than the blue lines, indicating that vehicles experienced less delay at the intersections 

after the InSync signal timing system was implemented.  

 

 

Minor -Street Delay Study 

 

Minor-street delay was measured on both of the minor-street approaches at four 

intersections in the corridor during three time periods (AM peak, AM off peak, and PM peak). 

The four minor-streets where delay studies were conducted included: 
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 Chipman Road 

 Columbus Street 

 Langsford Road 

 Tudor Road 

 

All of the intersections selected for the minor-street delay study are four-leg intersections. 

Each intersection was observed on the same day of the week and at approximately the same time 

of day during the first after-period study as during the before-period study. Because of periods of 

rain, these observations took place over a two-week period to ensure uniformity in time-of-day 

and day-of-week between studies. 

 

The methodology for measuring minor-street delay described in the Highway Capacity 

Manual (HCM) was used with the aid of a Jamar TDC-12 hand-held data collector. The TDC-12 

allows the signalized intersection approach delay study to be completed by one data collector, 

rather than using the two-person method described in the HCM. Thus, the HCM and TDC-12 

procedures are equivalent, but the TDC-12 allows one person to gather all the necessary data. 

 

The minor-street delay study consists of two activities. First, a time interval is chosen, 

and at the end of each interval, all queued vehicles are counted and recorded. For this study, the 

number of cars queued at the intersection was recorded at 16-second intervals over a 20-minute 

time period. Second, each vehicle that approaches the intersection is recorded as either going 

through the intersection or stopping at the intersection. The presence of channelized right-turn 

lanes required the engineers conducting the study to use judgment when recording right-turning 

vehicles as ñthroughò or ñstopped.ò Because right-turn-on-red movements are permissible at the 

study intersections, and some channelized right-turn lane storage space was available, right-

turning vehicles had a lower delay than other vehicles. However, since the study intersections did 

not have dedicated right-turn lanes with sufficient storage to keep right-turning vehicles and 

through vehicles separated in the queue, right-turning vehicles could not be removed or recorded 

separately in the study. Right-turning vehicles that rolled through the red signal indication 

without having to yield to another vehicle were counted as going through the intersection, while 

those that stopped or slowed significantly to yield to another vehicle were counted as having 

stopped. 

 

Both sides of each intersection were observed at the same time. The dates and times of 

each minor-street delay study are shown below in Table 7. Because of rain on the afternoon of 

Wednesday, April 29, the minor-street delay studies were completed for Tudor Road and 

Langsford Road on Wednesday, May 6. 
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TABLE 7.  Date and time of minor-street delay studies. 

Minor street Time period Day of week Date Start time 

Tudor Road 

AM 

Wednesday 

April 29, 2009 7:57 AM 

Off April 29, 2009 9:31 AM 

PM May 6, 2009 4:28 PM 

Chipman Road 

AM 

Tuesday 

April 28, 2009 7:30 AM 

Off April 28, 2009 9:00 AM 

PM April 28, 2009 3:55 PM 

Columbus Street 

AM 

Tuesday 

April 28, 2009 8:00 AM 

Off April 28, 2009 9:25 AM 

PM April 28, 2009 4:25 PM 

Langsford Road 

AM 

Wednesday 

April 29, 2009 7:26 AM 

Off April 29, 2009 9:03 AM 

PM May 6, 2009 3:58 PM 

NOTE: The end time for each study was approximately 20 minutes after the start time shown in the table. 

 

 

The results of the minor-street delay studies are presented in Tables 8 through 11 and 

include the duration of the study (min:sec), the number of vehicles that approached the 

intersection during the study period, the average delay encountered by each stopped vehicle in 

seconds, the average delay encountered by each vehicle in seconds, and the percent of 

approaching vehicles that stopped at the intersection. These statistics are presented for both the 

before-period study and after-period study, and the percent change between the periods is also 

shown. 

 

A preliminary comparison of the before-period and after-period delay studies shows 

neither a consistent increase nor a consistent decrease in minor-street delay. This may be due in 

part to changes in minor-street volume from one period to the other, which varied from location 

to location and by time of day. For example, the number of vehicles observed on the eastbound 

approach of Tudor Road increased by 37 percent in the morning peak but decreased by 25 

percent in the evening peak. However, it does not appear that changes in average delay per 

vehicle are directly correlated with changes in volume. The presence of pedestrians may also 

affect the delay experienced by vehicles at an intersection. At locations with pedestrian push 

buttons, a pedestrian call will override the adaptive signal timing plan, and may hold vehicles at 

the intersection longer than they would otherwise be held in order to provide sufficient time for 

the pedestrians to cross the width of the intersection. While field data collectors attempted to 

record the presence of pedestrians during the minor-street delay studies, it is unknown which 

approach the pedestrians were crossing or whether pedestrian push-buttons were used. No 

pedestrians were recorded during the before-period studies, but a few pedestrians were noted 

during the after-period study.   

 

After the second after-period study, the results from all three study periods will be 

analyzed by a statistician for possible relationships between volume and delay, and differences 

between delay experienced during the before-period study and delay experienced during the 

after-study periods will be checked for direction and statistical significance. 
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TABLE 8.  Minor -street delay study results at Tudor Road. 

Time 
of day 

Approach 
direction 

Duration of 
study (min:sec) No. of observed vehicles 

Avg. delay per stopped 
vehicle Avg. delay per vehicle 

Percentage of total 
vehicles that stopped 

Before After Before After 
Percent 
change Before After 

Percent 
change Before After 

Percent 
change Before After 

Percent 
change 

AM 
peak 

EB 21:20 21:20 62 99 59.7 22.3 32.9 47.5 15.5 23.9 54.2 69.4 72.7 4.8 

WB 20:00 21:20 150 206 37.3 24.4 36.8 50.8 19.5 26.4 35.4 80.0 71.8 ï10.3 

Off 
peak 

EB 21:36 21:20 150 135 ï10.0 27.0 33.6 24.4 16.0 24.9 55.6 59.3 74.1 25.0 

WB 20:00 21:20 114 103 ï9.6 27.1 37.0 36.5 21.9 25.5 16.4 80.7 68.9 ï14.6 

PM 
peak 

EB 21:36 21:20 308 323 4.9 41.2 37.1 ï10.0 29.1 26.6 ï8.6 70.8 71.5 1.0 

WB 21:36 21:20 201 150 ï25.4 34.3 40.9 19.2 23.7 29.4 24.1 69.2 72.0 4.0 

 

 

TABLE 9.  Minor -street delay study results at Chipman Road. 

Time 
of day 

Approach 
direction 

Duration of 
study (min:sec) No. of observed vehicles 

Avg. delay per stopped 
vehicle Avg. delay per vehicle 

Percentage of total 
vehicles that stopped 

Before After Before After 
Percent 
change Before After 

Percent 
change Before After 

Percent 
change Before After 

Percent 
change 

AM 
peak 

EB 21:20 21:20 51 57 11.8 31.6 37.0 17.1 22.3 29.2 30.9 70.6 78.9 11.8 

WB 20:00 21:20 34 39 14.7 25.5 31.4 23.1 20.2 20.9 3.5 79.4 66.7 ï16.0 

Off 
peak 

EB 21:20 21:36 63 84 33.3 21.0 35.6 69.5 18.0 28.0 55.6 85.7 78.6 ï8.3 

WB 20:28 21:20 46 35 ï23.9 23.4 30.9 32.1 19.8 25.6 29.3 84.8 82.9 ï2.2 

PM 
peak 

EB 21:20 21:20 121 161 33.1 36.4 31.9 ï12.4 28.8 23.2 ï19.4 73.8 72.7 ï1.5 

WB 21:20 21:20 57 51 ï10.5 37.9 37.8 ï0.3 34.3 32.6 ï5.0 90.5 86.3 ï4.6 
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TABLE 10.  Minor -street delay study results at Columbus Street. 

Time  
of 

day 
Approach  
direction 

Duration of study  
(min:sec) No. of observed vehicles 

Avg. delay per stopped  
vehicle Avg. delay per vehicle 

Percentage of total  
vehicles that stopped 

Before After Before After 

Percent  

change Before After 

Percent  

change Before After 

Percent  

change Before After 

Percent  

change 

AM 

EB 21:20 21:36 8 10 25.0 32.0 34.0 6.3 28.0 27.2 ï2.9 87.5 80.0 ï8.6 

WB 20:00 21:36 34 19 ï44.1 36.1 16.0 ï55.7 32.9 13.5 ï59.0 91.2 84.2 ï7.7 

Off 
peak 

EB 21:36 21:20 19 15 ï21.1 21.7 13.5 ï37.8 16.0 11.7 ï26.9 73.7 86.7 17.6 

WB 20:32 21:20 36 24 ï33.3 22.6 27.7 22.6 18.2 21.3 17.0 80.6 87.5 8.6 

PM 
peak 

EB 21:20 21:36 36 47 30.6 40.5 43.4 7.2 33.8 35.1 3.8 83.3 80.9 ï2.9 

WB 21:20 21:20 44 53 20.5 40.4 48.0 18.8 33.1 37.1 12.1 81.8 77.4 ï5.4 

 

 

TABLE 11.  Minor -street delay study results at Langsford Road. 

Time  
of 

day 
Approach  
direction 

Duration of  
study (min:sec) No. of observed vehicles 

Avg. delay per stopped  
vehicle Avg. delay per vehicle 

Percentage of total  
vehicles that stopped 

Before After Before After 

Percent  

change 

Befor

e After 

Percent  

change Before After 

Percent  

change Before After 

Percent  

change 

AM 
peak 

EB 21:52 21:36 61 64 4.9 36.4 33.1 ï9.1 32.8 29.0 ï11.6 90.2 87.5 ï3.0 

WB 20:16 21:20 268 271 1.1 25.6 32.4 26.6 19.3 21.5 11.4 75.4 66.4 ï11.9 

Off 
peak 

EB 21:52 21:20 75 67 ï10.7 37.5 38.2 1.9 33.5 32.5 ï3.0 89.3 85.1 ï4.7 

WB 22:56 21:20 186 177 ï4.8 24.5 26.8 9.4 20.8 18.9 ï9.1 84.9 70.6 ï16.8 

PM 
peak 

EB 21:52 21:20 166 145 ï12.7 48.2 50.1 3.9 39.8 42.2 6.0 82.5 84.1 1.9 

WB 21:20 21:20 212 191 ï9.9 33.5 53.5 59.7 25.0 44.8 79.2 74.5 83.8 12.5 
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Cycle Length Study 

 

The research team proposed a study in which cycle lengths used in the coordinated signal 

timing plan prior to installation of the InSync system would be compared to average cycle 

lengths during specific time periods after the installation of the system. However, the InSync 

system does not necessarily call a sequential order of phases which could be classified as a 

complete cycle. They system treats each combination of allowable movements as a state, and the 

states may be called by the controller in a number of different sequences. For example, north and 

southbound left turn movements may get a green arrow, followed by a green for north and 

southbound through movements, and then the controller may once again return to the left-turn 

movements if those movements are experiencing demand and there is no demand on the 

eastbound and westbound approaches. For this reason, a cycle length study is not appropriate for 

the evaluation of the InSync signal system. 

 

 

TRAFFIC VOLUME  COUNTS 

 

As part of the before-period study, the research team conducted traffic counts of through 

traffic volume using tape switches in both the northbound and southbound directions at three 

locations on MO 291 in the study corridor. The locations agreed to by MRI and MoDOT for 

these counts include: 

 

 between Langsford Road and Columbus Street (site 1) 

 between Mulberry and Tudor Streets (Site 2) 

 between Bayberry and 5
th
 Streets (Site 3) 

 

As part of the first after-period study, tape switches were placed in these locations on 

Monday, April 27 to gather traffic volumes for comparison to the volumes during the first study. 

Because travel time and delay are related to volume, verifying that MO 291 carried similar 

volumes during each study period will provide further evidence that changes in travel time and 

delay were related more to changes in the signal timing system than changes in volume along the 

corridor.  

 

Unfortunately, reliable count information was not obtained for the after-period study. Of 

the six locations, three tape switches collected data for the first 24-hour period. The data 

collected during this period did not match the expected traffic patterns and produced unrealistic 

counts. While the tape switches used were new and functioning at the time of placement, weather 

may have had an impact on their functionality. Rain was encountered on and off throughout the 

study week and the following week. Because tape switches cannot be placed on wet pavement, it 

was not possible to take them up, test them, and place them again during the study period. 

 

It is expected that there were slight changes in traffic patterns due to construction 

occurring along the corridor during one or both of the study periods, but it is unknown whether 

the locations of the tape switches would have captured these changes. It is also expected that 

volumes would have increased slightly from the before-period study simply due to the 
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differences in the time of year. People tend to make more trips in warmer weather, and their trips 

will continue later into the evening due to extended daylight hours. 

 

Care was taken to ensure that both studies were conducted during the school year on 

school days with a normal schedule (i.e., no early releases or half-days). Field observations did 

not indicate any noticeable changes to volume or traffic patterns. The number of vehicles 

recorded during the side-street delay studies did not show a uniform increase or decrease in side-

street volumes. Therefore, there is little reason to suspect that improved travel times and 

increased average speed are a result of decreased volume on MO 291. The research team will 

collect traffic volumes in the three locations described above during the final after-period study. 

Adjustments in the data collection approach for traffic counting will be considered to avoid the 

problems encountered in the first after-period study. 

 

In addition to the vehicle counts conducted during each study period, a manual 12-hr 

turning movement count will be conducted prior to the second after-period study by an observer 

using a TDC-12 handheld data collector at the intersection of MO 291 and Chipman Rd. This 

count will be coordinated with Rhythm Engineering to ensure that camera counts for the study 

period are recorded for comparison. The manual count will be provided to MoDOT for 

comparison with camera counts provided by Rhythm Engineering.   

 

 

ADDITIONAL FIELD DAT A 

 

While no construction activity was present on the through lanes of MO 291 in the study 

corridor during the before-period study, there was construction activity on minor-street 

approaches and in turning lanes along the corridor. Specifically, the following observations were 

made: 

 

 The southbound right-turn lane at 5th Street was blocked off with cones. 

 The eastbound approach at 5th Street was only open to local traffic. 

 Vehicles intending to travel from northbound MO 291 to westbound 5th Street 

were directed to detour on 3rd Street. 

 Signing indicated that the shops on the west side of MO 291 near 5th street were 

to be accessed at 4th street (unsignalized). 

 The eastbound approach at Swann Drive was completely closed for construction. 

 The northbound left turn lane from MO 291 to Swann was coned off. 

 

These turning restrictions may affect traffic distribution among the intersections and 

impact the minor-street delay studies. The presence of cones in the traveled way and orange 

construction signs along the corridor may have affected driver behavior such as speed choice, 

which would, in turn, affect travel time.  
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During the first after-period study, the following changes to the above conditions were 

noted: 

 

 The eastbound approach to Swann Drive was no longer closed for construction. 

 The northbound left-turn lane from MO 291 to Swann was no longer coned off, 

and left turns were permitted at this intersection. 

 

Changes to construction conditions for each study period may explain, at least in part, any 

changes that we may find in our measures of travel time and delay. This will be given careful 

consideration during our final analysis. 

 

The weather during the week of the before-period study was cold and clear. The 

pavement surface remained dry throughout the study, and no precipitation was recorded during 

any of the study periods. During the first after-period study, rain was encountered on Wednesday 

afternoon and during various times of day on Thursday of the first week of the study. During 

periods of rain, travel time runs and side-street delay studies were not conducted. The study 

periods that were ñrained outò were completed during the following week. During the second 

week of the study, some periods of light rain were encountered. In order to complete the study in 

a timely fashion, data collectors were told to continue the studies they were completing unless the 

rain became heavy enough to noticeably slow traffic or affect driving behavior. Fortunately, only 

very light precipitation occurred and it was determined that the study should be completed rather 

than postponing certain parts of it for an additional week. 

 

  

MODOT EXPERIENCE WIT H INSYNC SYSTEM 

 

MoDOT and Rhythm Engineering completed the installation of the InSync system 

components at all intersections along the corridor in late March 2009. The transfer from the 

existing closed-loop intersection control to the new adaptive system included a replacement of 

the controller at each intersection, and three intersection cabinets (at Columbus, 3
rd
 and 5

th
 

Streets) were replaced with larger cabinets in order to accept Rhythm Engineering cabinet 

hardware. A fiber communication connection between the intersections was installed by MoDOT 

signal shop staff. During the seven-day transition from the closed-loop system to the InSync 

adaptive system when the video detection was being replaced, the corridor ran on a pretimed 

signal plan. When this work was completed, Rhythm Engineering installed the cabinet hardware 

and MoDOT installed the cameras associated with the InSync system.   

 

By mid-April, Rhythm Engineering had configured the system, observed its performance, 

and made the appropriate ñtweaksò to the system to fix observed issues. Some of the issues 

encountered during this period and the measures taken to address them were documented in an 

email on April 16
th
 between Rhythm and MoDOT District 4 office as follows:  

 

 Tudor was not calling the northbound left-turn phase during evening off peak. 

(This was noticed by a MoDOT signal technician on 4/9.)ðDuring a 

configuration change made by Rhythm engineers, the time tunnels (similar to 
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through bands or green bands) fell in such a way that at certain times of the day, 

the controller didnôt have enough time to bring up the northbound left-turn 

phase. This was fixed by realigning the tunnel in the configuration.  

 Blue Parkway was skipping certain phases during the morning peak. (A District 4 

traffic engineer noticed this on 4/13.)ðThis situation was similar to the one 

described above at Tudor. Changes were made in the configuration and the 

tunnels at Blue Parkway were realigned. 

 NB vehicles at US-50 and SB vehicles at Mulberry were backing up (This was 

discussed with a District 4 traffic engineer on 4/8, and may have been discussed 

before as well.)ðThis problem was fixed with configuration changes. The queue 

lengths were minimized and manageable even during PM peak hour.  

 The signal at MO 291 at Mulberry was giving more priority to Mulberry than to 

the traffic on MO 291.ðIt was decided that Mulberry Street functions as a 

metering intersection that assures progression along 291. This may be 

reconsidered in the future. 

 

During the period between the completed installation of the system in late March and the 

beginning of the first after-period study in late April, the MoDOT signal shop reported receiving 

17 malfunction reports in March and 8 malfunction reports in April . No calls were received 

during the study period (April 28 through May 7), and six calls were received in the month 

following the study. By comparison, in the three months prior to the implementation of the 

system, a total of ten calls were received (four in December, two in January, and four in 

February). MoDOT reported that the majority of these calls were not actually malfunctions. 

Some of them were related to the issues above, which were addressed by Rhythm Engineering. In 

two cases, certain movements were not being called and MoDOT was forced to put those phases 

on recall so that those phases could not be ñskippedò until Rhythm had a chance to address the 

concerns. 

 

The version of InSync that is in place on MO 291 does not have a feature to 

accommodate pedestrians within the system. Instead, the intersections with pedestrian push 

buttons allow the signal to override the InSync algorithm and ignore the ñtunnelò so that the 

pedestrian phase will be activated. This system essentially handles pedestrians in the same way 

they were handled prior to the installation of the system, but it does disrupt the through traffic on 

MO 291 and causes interruptions to the tunnel. A newer version of InSync addresses pedestrian 

crossings within its algorithm. While it is noted that pedestrian crossings may cause the system to 

temporarily fall out of its tunnel, and that pedestrian crossing during a travel time run may affect 

the travel time results, it was impossible to account for pedestrians during the travel time studies, 

as each intersection with a pedestrian crossing would have had to have been monitored 

throughout the study. The version of InSync in place on MO 291 handles preemption from 

emergency vehicles in a similar manner to pedestrian calls. The preemption overrides the InSync 

algorithm for a short period of time, and the tunnels are violated to allow the preemption to force 

a longer green time for the emergency vehicle. 
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Rhythm Engineering provided training on the InSync system to MoDOT staff in early 

June. 

 

CONCLUSION 

 

This update report provides a description of the work that was conducted to measure 

travel time and delay on MO 291 approximately one month after the installation of the InSync 

adaptive signal timing system. It includes the results of the study activities from both the before-

period and first after-period studies. A preliminary analysis of the results indicate that the InSync 

system has reduced travel time, increased average speed through the corridor, reduced the 

number of stops expected for a through vehicle on the corridor, and reduced fuel consumption 

and emissions, especially during the morning, off-peak, and noon peak time periods in the 

southbound direction. In addition, it does not appear that the system has had a negative impact on 

travel time, average speed, number of stops, fuel consumption, or emissions during any of the 

study periods for either direction of travel. The minor-street delay study provided mixed results, 

and at this time it is unclear whether the system had a positive or negative impact on overall side-

street delay. A full statistical analysis will be performed after the final after-period study is 

completed in September 2009. The results of this analysis will be presented in the final project 

report. 
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Appendix A 

Travel Time Measures of Effectiveness by  

Corridor Segment 
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Tables A-1 through A-10 show the statistics presented in Tables 2 though 6 in the body of 

this report broken down by segment along the corridor. The MO 291 study corridor begins at the 

intersection of Mulberry Street on the north side and ends with the south US 50 ramps on the 

south side. Within the corridor are 10 signalized intersections, each marking the end of one 

segment and the beginning of another. The corridor is divided by a median along approximately 

the northern two-thirds of the study section, and because of this, segments in the north and south 

directions are not exactly equal in length. 

 

The statistics presented here at the segment level can be useful for determining the 

locations along the corridor that have experienced the most (and the least) improvement. In some 

instances, allowing greater delay at one location may improve the overall delay for the corridor. 

Specific segments will be analyzed in greater detail in the final report, where a discussion of 

these trade-offs will be presented. 
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TABLE A-1.  Comparison of results from travel time runs in the northbound direction during the morning peak period by 

segment. 

Segment  
description 

Segment  
length (ft) 

Study  
period 

Travel 
time  
(sec) 

Proportion  
of  

stops 

Avg 
speed  
(mph) 

Avg total 
delay  
(sec) 

Stopped time 

  

Congested time 

Avg fuel 
consumption  

(gal) 

Emissions 

Avg time <=  
3 mph  
(sec) 

Avg time <=  
20 mph  

(sec) 

Avg time <=  
30 mph  

(sec) 
Avg HC  

(g) 
Avg CO  

(g) 

Avg  
Nox  
(g) 

US 50 South  
Ramp to US 50  

North Ramp 
335 

Before 8.9 0.0 25.2 3.7 0.0 
 

2.3 4.9 0.0031 0.2669 2.2719 0.1334 
After 9.7 0.0 23.3 4.3 0.0 

 
2.5 7.3 0.0048 0.6154 4.4854 0.5142 

Change 0.8 0.0 ï1.9 0.6 0.0 
 

0.2 2.4 0.0017 0.3485 2.2135 0.3808 
% Change 9.0 ï ï7.5 16.4 ï 

 
8.9 48.8 54.4 130.6 97.4 285.4 

US 50 North  
Ramp to Blue  

Parkway 
213 

Before 10.5 0.2 14.1 6.8 4.5   6.3 8.4 0.0035 0.3934 3.2437 0.2417 
After 6.1 0.1 24.3 2.3 0.9 

 
1.5 2.5 0.0027 0.3437 3.2918 0.2609 

Change ï4.4 ï0.1 10.2 ï4.5 ï3.6 
 

ï4.8 ï5.9 ï0.0008 ï0.0497 0.0481 0.0192 
% Change ï41.9 ï60.0 72.4 ï65.9 ï80.0 

 
ï75.8 ï70.1 ï22.9 ï12.6 1.5 7.9 

Blue Parkway  
to Bayberry  

Lane 
1178 

Before 21.3 0.0 37.7 3.3 0.0   0.3 1.7 0.0111 1.1596 13.9596 0.7951 
After 25.2 0.1 31.9 7.0 4.4 

 
4.7 5.0 0.0119 1.1914 14.3806 0.7514 

Change 3.9 0.1 ï5.8 3.7 4.4 
 

4.4 3.3 0.0008 0.0318 0.4210 ï0.0437 
% Change 18.3 ï ï15.4 113.8 ï 

 
1320.0 198.0 7.2 2.7 3.0 ï5.5 

Bayberry Lane  
to 5th Street 

1167 

Before 19.3 0.0 41.2 1.3 0.0   0.0 0.0 0.0090 0.5601 6.9584 0.2147 
After 20.4 0.0 38.8 2.3 0.0 

 
0.7 2.2 0.0094 0.6538 7.4562 0.3044 

Change 1.1 0.0 ï2.4 1.0 0.0 
 

0.7 2.2 0.0004 0.0937 0.4978 0.0897 
% Change 5.7 ï ï5.8 80.0 ï 

 
ï ï 4.4 16.7 7.2 41.8 

5th Street to  
3rd Street 

1677 

Before 27.8 0.0 41.0 2.0 0.0   0.0 0.2 0.0130 0.8055 9.7337 0.3144 
After 31.4 0.0 36.3 5.6 0.0 

 
2.5 5.5 0.0141 1.0514 11.0059 0.5465 

Change 3.6 0.0 ï4.7 3.6 0.0 
 

2.5 5.3 0.0011 0.2459 1.2722 0.2321 
% Change 12.9 ï ï11.5 180.0 ï 

 
ï 3180.0 8.5 30.5 13.1 73.8 

3rd Street to  
Langsford Road 

1018 

Before 21.6 0.2 32.4 5.6 1.2   3.3 5.9 0.0087 0.6691 7.1093 0.3273 
After 24.6 0.3 28.5 8.6 2.8 

 
5.5 10.3 0.0104 1.0423 10.4501 0.6729 

Change 3.0 0.1 ï3.9 3.0 1.6 
 

2.2 4.4 0.0017 0.3732 3.3408 0.3456 
% Change 13.9 60.0 ï12.0 53.7 137.1 

 
67.7 74.4 19.5 55.8 47.0 105.6 

Langsford  
Road Columbus  

Street 
1492 

Before 26.0 0.0 39.1 3.0 0.0   0.8 2.8 0.0139 1.3017 15.4797 0.8567 
After 27.6 0.1 36.8 4.8 1.8 

 
2.3 2.9 0.0135 1.1767 14.3361 0.6954 

Change 1.6 0.1 ï2.3 1.8 1.8 
 

1.5 0.1 ï0.0004 ï0.1250 ï1.1436 ï0.1613 
% Change 6.2 ï ï5.9 60.0 ï 

 
200.0 3.6 ï2.9 ï9.6 ï7.4 ï18.8 

Columbus Street  
to Chipman  

Road 
1003 

Before 19.7 0.1 34.7 4.2 1.0   2.8 4.8 0.0089 0.7162 7.8897 0.3972 
After 16.6 0.0 41.2 1.0 0.0 

 
0.2 0.3 0.0090 0.7412 9.3901 0.4393 

Change ï3.1 ï0.1 6.5 ï3.2 ï1.0 
 

ï2.6 ï4.5 0.0001 0.0250 1.5004 0.0421 
% Change ï15.8 ï120.0 18.7 ï76.8 ï100.0 

 
ï91.8 ï94.7 1.1 3.5 19.0 10.6 

Chipman Road  
to Swann Drive 

1166 

Before 26.8 0.2 29.9 8.8 0.5   5.7 11.3 0.0112 1.0408 9.9418 0.6579 
After 19.8 0.1 40.5 1.8 1.0 

 
1.7 1.9 0.0097 0.6144 7.5767 0.2673 

Change ï7.0 ï0.1 10.6 ï7.0 0.5 
 

ï4.0 ï9.4 ï0.0015 ï0.4264 ï2.3651 ï0.3906 
% Change ï26.2 ï60.0 35.5 ï80.0 100.0 

 
ï70.6 ï83.6 ï13.3 ï41.0 ï23.8 ï59.4 



TABLE A -1.  Comparison of results from travel time runs in the northbound direction during the morning peak period by 

segment (Continued). 

R110637-04 After Study Update A-4 

Segment  
description 

Segment  
length (ft) 

Study  
period 

Travel 
time  
(sec) 

Proportion  
of  

stops 

Avg 
speed  
(mph) 

Avg total 
delay  
(sec) 

Stopped time 

  

Congested time 

Avg fuel 
consumption  

(gal) 

Emissions 

Avg time <=  
3 mph  
(sec) 

Avg time <=  
20 mph  

(sec) 

Avg time <=  
30 mph  

(sec) 
Avg HC  

(g) 
Avg CO  

(g) 

Avg  
Nox  
(g) 

Swann Drive to  
Tudor Road 

1469 

Before 25.6 0.0 38.8 3.2 0.4   0.8 2.8 0.0147 1.5463 19.0374 1.0999 
After 28.2 0.2 35.3 5.6 1.9 

 
4.2 6.0 0.0125 0.8596 8.8616 0.4072 

Change 2.6 0.2 ï3.5 2.4 1.5 
 

3.4 3.2 ï0.0022 ï0.6867 ï10.1758 ï0.6927 
% Change 10.2 ï ï9.0 75.8 360.0 

 
408.0 116.4 ï15.0 ï44.4 ï53.5 ï63.0 

Tudor Road to  
Mulberry Street 

2724 

Before 39.9 0.0 46.5 0.2 0.0   0.0 0.0 0.0231 1.6089 23.2368 0.8332 
After 42.1 0.0 44.1 1.1 0.0 

 
0.4 1.6 0.0244 2.0380 27.3613 1.2528 

Change 2.2 0.0 ï2.4 0.9 0.0 
 

0.4 1.6 0.0013 0.4291 4.1245 0.4196 
% Change 5.5 ï ï5.2 540.0 ï 

 
ï ï 5.6 26.7 17.7 50.4 

Corridor  
Totals 

2.55 miles 

Before 247.3 0.6 37.0 41.8 7.6   22.3 42.6 0.1202 10.0684 118.8621 5.8717 
After 251.5 0.8 36.4 44.3 12.9 

 
26.1 45.4 0.1225 10.3279 118.5959 6.1123 

Change 4.2 0.2 ï0.6 2.5 5.3 
 

3.8 2.8 0.0023 0.2595 ï0.2662 0.2406 
% Change 1.7 34.3 ï1.6 6.0 69.9   17.1 6.6 1.9 2.6 ï0.2 4.1 
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TABLE A -2.  Comparison of results from travel time runs in the southbound direction during the morning peak period by 

segment. 

Segment  
description 

Segment  
length (ft) 

Study  
period 

Travel 
time 
(sec) 

Proportion  
of  

stops 

Avg 
speed  
(mph) 

Avg 
total 
delay  
(sec) 

Stopped time 

  
  

Congested time 

Avg fuel   
consumption  

(gal) 

Emissions 

Avg time <=  
3 mph (sec) 

Avg time 
<= 

20 mph  
(sec) 

Avg time <= 
30 mph  

(sec) 
Avg HC  

(g) 
Avg CO  

(g) 
Avg Nox  

(g) 

Mulberry  
Street to  

Tudor Road 
2914 

Before 65.3 0.7 30.5 21.1 10.1 
 

21.3 26.2 0.0300 2.1714 21.5545 1.1764 
After 50.6 0.2 39.3 6.3 1.5 

 
4.3 6.8 0.0277 2.3331 28.0339 1.4463 

Change ï14.7 ï0.5 8.8 ï14.8 ï8.6 
 

ï17.0 ï19.4 ï0.0023 0.1617 6.4794 0.2699 
% Change ï22.5 ï75.0 28.9 ï70.2 ï85.3 

 
ï79.7 ï74.1 ï7.7 7.4 30.1 22.9 

Tudor Road to  
Swann Drive 

1453 

Before 49.6 1.0 20.1 27.4 15.7   24.5 31.4 0.0216 2.6330 27.2649 1.8979 
After 24.6 0.0 40.6 2.1 0.0 

 
0.9 2.4 0.0127 0.9407 10.8998 0.5180 

Change ï25.0 ï1.0 20.5 ï25.3 ï15.7 
 

ï23.6 ï29.0 ï0.0089 ï1.6923 ï16.3651 ï1.3799 
% Change ï50.4 ï100.0 101.9 ï92.3 ï100.2 

 
ï96.3 ï92.3 ï41.2 ï64.3 ï60.0 ï72.7 

Swann Drive  
to Chipman  

Road 
1171 

Before 37.0 0.4 21.6 19.0 4.5   16.2 25.3 0.0152 1.8140 15.4669 1.3366 
After 18.9 0.0 42.2 0.8 0.0 

 
0.0 0.0 0.0092 0.5673 7.0017 0.2297 

Change ï18.1 ï0.4 20.6 ï18.2 ï4.5 
 

ï16.2 ï25.3 ï0.0060 ï1.2467 ï8.4652 ï1.1069 
% Change ï48.9 ï96.0 95.4 ï95.8 ï100.0 

 
ï100.2 ï100.2 ï39.4 ï68.7 ï54.7 ï82.8 

Chipman  
Road to  

Columbus Street 
1000 

Before 20.8 0.1 32.4 5.5 0.4   1.9 6.3 0.0126 1.7015 18.9242 1.3830 
After 16.3 0.0 41.3 0.8 0.0 

 
0.0 0.0 0.0079 0.5351 6.7025 0.2424 

Change ï4.5 ï0.1 8.9 ï4.7 ï0.4 
 

ï1.9 ï6.3 ï0.0047 ï1.1664 ï12.2217 ï1.1406 
% Change ï21.6 ï120.0 27.5 ï85.5 ï96.0 

 
ï99.1 ï100.8 ï37.4 ï68.5 ï64.6 ï82.5 

Columbus  
Street to  

Langsford  
Road 

1499 

Before 25.2 0.0 40.3 2.3 0.0   1.2 1.9 0.0122 0.8876 11.2383 0.4501 
After 25.9 0.0 39.2 2.9 0.0 

 
0.5 1.7 0.0119 0.8319 10.0448 0.3856 

Change 0.7 0.0 ï1.1 0.6 0.0 
 

ï0.7 ï0.2 ï0.0003 ï0.0557 ï1.1935 ï0.0645 
% Change 2.8 ï ï2.7 25.7 ï 

 
ï60.0 ï10.4 ï2.5 ï6.3 ï10.6 ï14.3 

Langsford  
Road to 3rd  

Street 
1008 

Before 23.0 0.3 30.0 7.3 4.1   6.0 8.2 0.0102 0.9604 10.9911 0.5831 
After 17.3 0.0 40.0 1.4 0.0 

 
0.3 0.7 0.0088 0.7155 8.7031 0.4126 

Change ï5.7 ï0.3 10.0 ï5.9 ï4.1 
 

ï5.7 ï7.5 ï0.0014 ï0.2449 ï2.2880 ï0.1705 
% Change ï24.8 ï120.0 33.3 ï80.5 ï100.4 

 
ï95.0 ï91.8 ï13.7 ï25.5 ï20.8 ï29.2 

3rd Street to  
5th Street 

1681 

Before 36.8 0.3 31.1 11.2 4.3   8.9 12.3 0.0161 1.3686 14.3516 0.7800 
After 27.8 0.0 41.3 1.9 0.0 

 
0.5 1.9 0.0135 0.8958 11.0525 0.4102 

Change ï9.0 ï0.3 10.2 ï9.3 ï4.3 
 

ï8.4 ï10.4 ï0.0026 ï0.4728 ï3.2991 ï0.3698 
% Change ï24.4 ï120.0 32.8 ï83.3 ï101.2 

 
ï94.2 ï84.9 ï16.2 ï34.5 ï23.0 ï47.4 

5th Street to  
Bayberry  

Lane 
1165 

Before 32.8 0.5 24.3 14.8 6.5   13.0 16.9 0.0128 1.2027 10.7152 0.7354 
After 19.8 0.0 40.5 1.6 0.0 

 
0.0 0.8 0.0095 0.6882 8.1911 0.3439 

Change ï13.0 ï0.5 16.2 ï13.2 ï6.5 
 

ï13.0 ï16.1 ï0.0033 ï0.5145 ï2.5241 ï0.3915 
% Change ï39.6 ï100.0 66.6 ï89.0 ï100.0 

 
ï100.0 ï95.2 ï25.8 ï42.8 ï23.6 ï53.2 

Bayberry  
Lane to Blue  

Parkway 
1202 

Before 28.4 0.2 28.6 9.8 3.3   5.1 10.3 0.0128 1.3974 14.2081 0.9697 
After 22.3 0.0 36.5 4.1 0.0 

 
1.3 3.3 0.0092 0.6003 6.3202 0.2383 

Change ï6.1 ï0.2 7.9 ï5.7 ï3.3 
 

ï3.8 ï7.0 ï0.0036 ï0.7971 ï7.8879 ï0.7314 
% Change ï21.5 ï120.0 27.6 ï58.0 ï99.0 

 
ï74.8 ï68.3 ï28.1 ï57.0 ï55.5 ï75.4 



TABLE A -2.  Comparison of results from travel time runs in the southbound direction during the morning peak period by 

segment (Continued). 
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Segment  
description 

Segment  
length (ft) 

Study  
period 

Travel 
time 
(sec) 

Proportion  
of  

stops 

Avg 
speed  
(mph) 

Avg 
total 
delay  
(sec) 

Stopped time 

  
  

Congested time 

Avg fuel   
consumption  

(gal) 

Emissions 

Avg time <=  
3 mph (sec) 

Avg time 
<= 

20 mph  
(sec) 

Avg time <= 
30 mph  

(sec) 
Avg HC  

(g) 
Avg CO  

(g) 
Avg Nox  

(g) 

Blue Parkway  
to North US  

50 Ramp 
213 

Before 5.2 0.0 27.3 1.8 0.0   1.5 3.2 0.0017 0.1195 0.9533 0.0447 
After 4.7 0.0 30.2 1.1 0.0 

 
0.3 1.8 0.0018 0.1440 1.2458 0.0773 

Change ï0.5 0.0 2.9 ï0.7 0.0 
 

ï1.2 ï1.4 0.0001 0.0245 0.2925 0.0326 
% Change ï9.7 ï 10.6 ï40.0 ï 

 
ï80.0 ï44.2 6.0 20.5 30.7 72.9 

North US 50  
Ramp to  

South US 50  
Ramp 

244 

Before 9.9 0.2 17.9 6.1 2.7   5.6 8.3 0.0032 0.3384 2.3226 0.2161 
After 5.8 0.0 30.4 1.6 0.0 

 
0.5 2.9 0.0019 0.1579 1.3518 0.0821 

Change ï4.1 ï0.2 12.5 ï4.5 ï2.7 
 

ï5.1 ï5.4 ï0.0013 ï0.1805 ï0.9708 ï0.1340 
% Change ï41.3 ï120.0 69.9 ï74.0 ï101.2 

 
ï91.3 ï65.5 ï41.1 ï53.3 ï41.8 ï62.0 

Corridor  
Totals 

2.57 
miles 

Before 334.0 3.5 27.7 126.3 51.5   105.2 150.0 0.1484 14.5944 147.9906 9.5730 
After 233.9 0.2 39.5 24.6 1.5 

 
8.5 22.2 0.1140 8.4096 99.5473 4.3863 

Change ï100.1 ï3.3 11.8 ï101.7 ï50.0 
 
ï96.7 ï127.8 ï0.0344 ï6.1848 ï48.4433 ï5.1867 

% Change ï100.1 ï3.3 11.8 ï101.7 ï50.0   ï96.7 ï127.8 0.0 ï6.2 ï48.4 ï5.2 
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TABLE A -3.  Comparison of results from travel time runs in the northbound direction during the morning off-peak period by 

segment. 

Segment  
description 

Segment  
length (ft) 

Study  
period 

Travel 
time  
(sec) 

Proportion 
of 

stops 

Avg 
speed  
(mph) 

Avg total 
delay  
(sec) 

Stopped time 
 

Congested time 

Avg fuel 
consumption  

(gal) 

Emissions 

Avg time <=  
3 mph  
(sec)   

Avg time <=  
20 mph  

(sec) 

Avg time <= 
30 mph  

(sec) 
Avg HC  

(g) 
Avg CO  

(g) 

Avg  
Nox  
(g) 

US 50 South  
Ramp to US  

50 North  
Ramp 

335 

Before 9.0 0.0 26.0 3.8 0.0 
 

1.8 5.3 0.0034 0.3327 2.7596 0.2082 
After 8.9 0.0 26.2 3.2 0.0 

 
1.1 4.8 0.0043 0.5373 4.5764 0.4257 

Change ï0.1 0.0 0.2 ï0.6 0.0 
 

ï0.7 ï0.5 0.0009 0.2046 1.8168 0.2175 
% Change ï1.1 ï 0.8 ï16.0 ï 

 
ï38.2 ï9.5 26.6 61.5 65.8 104.5 

US 50 North 
Ramp to Blue  

Parkway 
213 

Before 8.7 0.2 16.6 5.1 2.3   4.7 6.8 0.0030 0.3250 2.4124 0.2083 
After 4.5 0.0 31.7 0.8 0.0 

 
0.0 0.6 0.0022 0.2578 2.8697 0.1863 

Change ï4.2 ï0.2 15.1 ï4.3 ï2.3 
 

ï4.7 ï6.2 ï0.0008 ï0.0672 0.4573 ï0.0220 
% Change ï48.5 ï120.0 91.0 ï84.6 ï98.6 

 
ï100.7 ï91.9 ï27.1 ï20.7 19.0 ï10.6 

Blue Parkway  
to Bayberry  

Lane 
1178 

Before 22.2 0.0 36.1 3.8 0.0   0.1 2.1 0.0110 1.1702 14.1653 0.7935 
After 21.5 0.1 37.1 3.3 0.2 

 
0.8 2.5 0.0106 1.0058 12.2401 0.6348 

Change ï0.7 0.1 1.0 ï0.5 0.2 
 

0.7 0.4 ï0.0004 ï0.1644 ï1.9252 ï0.1587 
% Change ï3.2 ï 2.8 ï13.0 ï 

 
840.0 19.2 ï3.6 ï14.0 ï13.6 ï20.0 

Bayberry Lane  
to 5th Street 

1167 

Before 23.0 0.2 34.7 4.9 2.3   3.8 5.2 0.0108 0.9163 10.5364 0.5275 
After 20.7 0.1 38.5 2.6 0.2 

 
0.8 2.3 0.0096 0.6789 7.5055 0.3288 

Change ï2.3 ï0.1 3.8 ï2.3 ï2.1 
 

ï3.0 ï2.9 ï0.0012 ï0.2374 ï3.0309 ï0.1987 
% Change ï10.0 ï60.0 11.0 ï46.8 ï93.3 

 
ï80.0 ï56.1 ï11.1 ï25.9 ï28.8 ï37.7 

5th Street to  
3rd Street 

1677 

Before 29.0 0.1 39.7 3.1 0.1   1.3 2.7 0.0136 0.9114 10.5607 0.4137 
After 29.1 0.0 39.6 3.2 0.0 

 
0.0 0.7 0.0131 0.8758 10.3979 0.3699 

Change 0.1 ï0.1 ï0.1 0.1 ï0.1 
 

ï1.3 ï2.0 ï0.0005 ï0.0356 ï0.1628 ï0.0438 
% Change 0.3 ï120.0 ï0.3 3.2 ï120.0 

 
ï104.0 ï75.0 ï3.7 ï3.9 ï1.5 ï10.6 

3rd Street to  
Langsford  

Road 
1018 

Before 24.8 0.3 27.6 9.2 2.2   7.1 11.5 0.0102 0.9550 8.5159 0.6083 
After 19.2 0.1 35.8 3.5 0.1 

 
0.8 1.7 0.0087 0.7355 8.4371 0.4163 

Change ï5.6 ï0.2 8.2 ï5.7 ï2.1 
 

ï6.3 ï9.8 ï0.0015 ï0.2195 ï0.0788 ï0.1920 
% Change ï22.6 ï80.0 29.7 ï62.2 ï96.9 

 
ï88.9 ï85.2 ï14.7 ï23.0 ï0.9 ï31.6 

Langsford  
Road  

Columbus  
Street 

1492 

Before 27.0 0.0 37.4 4.0 0.0   0.2 3.8 0.0145 1.5145 17.6604 1.0639 
After 27.1 0.2 37.3 4.3 2.2 

 
3.1 3.6 0.0127 0.9537 11.6284 0.4787 

Change 0.1 0.2 ï0.1 0.3 2.2 
 

2.9 ï0.2 ï0.0018 ï0.5608 ï6.0320 ï0.5852 
% Change 0.4 ï ï0.3 7.5 ï 

 
1740.0 ï5.2 ï12.4 ï37.0 ï34.2 ï55.0 

Columbus  
Street to  

Chipman Road 
1003 

Before 17.3 0.0 39.9 1.3 0.0   0.3 1.2 0.0090 0.8254 10.7541 0.5160 
After 17.0 0.0 40.5 1.2 0.0 

 
0.2 0.8 0.0089 0.7309 8.6912 0.4361 

Change ï0.3 0.0 0.6 ï0.1 0.0 
 

ï0.1 ï0.4 ï0.0001 ï0.0945 ï2.0629 ï0.0799 
% Change ï1.7 ï 1.5 ï7.5 ï 

 
ï40.0 ï34.3 ï1.1 ï11.4 ï19.2 ï15.5 

Chipman Road 
to Swann  

Drive 
1166 

Before 22.5 0.1 35.4 4.5 0.2   2.4 5.8 0.0100 0.7825 8.3053 0.4305 
After 20.8 0.1 38.3 3.0 1.8 

 
2.5 2.7 0.0096 0.6006 7.2495 0.2323 

Change ï1.7 0.0 2.9 ï1.5 1.6 
 

0.1 ï3.1 ï0.0004 ï0.1819 ï1.0558 ï0.1982 
% Change ï7.6 0.0 8.2 ï33.3 960.0 

 
4.1 ï53.9 ï4.0 ï23.2 ï12.7 ï46.0 



TABLE A -3.  Comparison of results from travel time runs in the northbound direction during the morning off-peak period by 

segment (Continued). 
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Segment  
description 

Segment  
length (ft) 

Study  
period 

Travel 
time  
(sec) 

Proportion 
of 

stops 

Avg 
speed  
(mph) 

Avg total 
delay  
(sec) 

Stopped time 
 

Congested time 

Avg fuel 
consumption  

(gal) 

Emissions 

Avg time <=  
3 mph  
(sec)   

Avg time <=  
20 mph  

(sec) 

Avg time <= 
30 mph  

(sec) 
Avg HC  

(g) 
Avg CO  

(g) 

Avg  
Nox  
(g) 

Swann Drive to  
Tudor Road 

1469 

Before 24.7 0.0 40.5 2.0 0.0   0.0 0.6 0.0137 1.3095 16.9854 0.8626 
After 27.1 0.1 36.9 4.6 1.3 

 
2.5 5.2 0.0127 0.9469 10.5941 0.5041 

Change 2.4 0.1 ï3.6 2.6 1.3 
 

2.5 4.6 ï0.0010 ï0.3626 ï6.3913 ï0.3585 
% Change 9.7 ï ï8.9 130.0 ï 

 
ï 788.6 ï7.3 ï27.7 ï37.6 ï41.6 

Tudor Road to  
Mulberry  

Street 
2724 

Before 40.4 0.0 46.0 0.4 0.0   0.0 0.0 0.0238 1.8647 27.1550 1.0763 
After 45.2 0.2 41.1 4.2 2.5 

 
4.0 5.3 0.0254 2.0940 28.1144 1.2526 

Change 4.8 0.2 ï4.9 3.8 2.5 
 

4.0 5.3 0.0016 0.2293 0.9594 0.1763 
% Change 11.9 ï ï10.6 912.0 ï 

 
ï ï 6.7 12.3 3.5 16.4 

Corridor  
Totals 

2.55 miles 

Before 248.5 0.8 36.9 42.1 7.0   21.5 44.8 0.1230 10.9072 129.8103 6.7087 
After 241.1 0.7 38.0 33.9 8.3 

 
15.8 30.3 0.1178 9.4172 112.3041 5.2656 

Change ï7.4 ï0.1 1.1 ï8.2 1.3 
 

ï5.7 ï14.5 0.0 ï1.5 ï17.5 ï1.4 
% Change ï3.0 ï13.3 3.0 ï19.5 18.6   ï26.5 ï32.4 ï4.2 ï13.7 ï13.5 ï21.5 
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TABLE A -4.  Comparison of results from travel time runs in the southbound direction during the morning off-peak period by 

segment. 

Segment  
description 

Segment  
length (ft) 

Study  
period 

Travel 
time  
(sec) 

Proportion 
of 

stops 

Avg 
speed  
(mph) 

Avg total 
delay  
(sec) 

Stopped time 
 

Congested time 

Avg fuel 
consumption  

(gal) 

Emissions 

Avg time <=  
3 mph  
(sec)   

Avg time <=  
20 mph  

(sec) 

Avg time <= 
30 mph  

(sec) 
Avg HC  

(g) 
Avg CO  

(g) 

Avg  
Nox  
(g) 

Mulberry  
Street to  

Tudor Road 
2914 

Before 72.1 0.8 27.6 28.0 18.7 
 

27.7 31.5 0.0303 2.3606 25.5206 1.1797 
After 47.7 0.0 41.7 2.8 0.0 

 
0.7 1.7 0.0264 2.1701 27.4099 1.3090 

Change ï24.4 ï0.8 14.1 ï25.2 ï18.7 
 

ï27.0 ï29.8 ï0.0039 ï0.1905 1.8893 0.1293 
% Change ï33.8 ï96.0 51.2 ï90.0 ï100.2 

 
ï97.6 ï94.6 ï12.9 ï8.1 7.4 11.0 

Tudor Road  
to Swann  

Drive 
1453 

Before 34.3 0.4 29.0 11.9 5.6   9.3 13.9 0.0177 2.0644 23.8557 1.5052 
After 27.0 0.1 36.7 5.2 4.5 

 
4.9 5.2 0.0135 1.0100 12.8854 0.5174 

Change ï7.3 ï0.3 7.7 ï6.7 ï1.1 
 

ï4.4 ï8.7 ï0.0042 ï1.0544 ï10.9703 ï0.9878 
% Change ï21.3 ï72.0 26.6 ï56.2 ï19.7 

 
ï47.6 ï62.5 ï23.7 ï51.1 ï46.0 ï65.6 

Swann Drive  
to Chipman  

Road 
1171 

Before 34.3 0.4 23.3 16.3 8.7   14.8 19.2 0.0136 1.3050 11.8069 0.8043 
After 18.4 0.0 43.4 0.4 0.0 

 
0.0 0.0 0.0092 0.5139 6.4500 0.1831 

Change ï15.9 ï0.4 20.1 ï15.9 ï8.7 
 

ï14.8 ï19.2 ï0.0044 ï0.7911 ï5.3569 ï0.6212 
% Change ï46.3 ï96.0 86.4 ï97.3 ï100.4 

 
ï100.3 ï100.2 ï32.4 ï60.6 ï45.4 ï77.2 

Chipman  
Road to  

Columbus  
Street 

1000 

Before 28.3 0.3 24.1 12.9 6.8   10.1 14.3 0.0124 1.3545 12.8693 0.9454 
After 16.0 0.0 42.6 0.8 0.0 

 
0.0 0.3 0.0076 0.4681 5.8855 0.1843 

Change ï12.3 ï0.3 18.5 ï12.1 ï6.8 
 

ï10.1 ï14.0 ï0.0048 ï0.8864 ï6.9838 ï0.7611 
% Change ï43.5 ï90.0 76.7 ï93.7 ï99.5 

 
ï100.2 ï98.2 ï38.8 ï65.4 ï54.3 ï80.5 

Columbus  
Street to  

Langsford  
Road 

1499 

Before 40.3 0.5 25.5 17.3 7.0   14.0 19.3 0.0166 1.6441 15.9360 1.0483 
After 25.3 0.1 40.7 1.9 0.3 

 
0.8 1.3 0.0125 0.8695 10.8577 0.4181 

Change ï15.0 ï0.4 15.2 ï15.4 ï6.7 
 

ï13.2 ï18.0 ï0.0041 ï0.7746 ï5.0783 ï0.6302 
% Change ï37.3 ï80.0 59.6 ï89.3 ï95.7 

 
ï94.3 ï93.5 ï24.7 ï47.1 ï31.9 ï60.1 

Langsford  
Road to 3rd  

Street 
1008 

Before 25.0 0.2 27.3 9.5 4.4   6.0 10.3 0.0118 1.3669 15.1452 0.9665 
After 16.3 0.0 42.0 0.8 0.0 

 
0.3 0.6 0.0084 0.6134 7.3735 0.3291 

Change ï8.7 ï0.2 14.7 ï8.7 ï4.4 
 

ï5.7 ï9.7 ï0.0034 ï0.7535 ï7.7717 ï0.6374 
% Change ï34.8 ï120.0 53.8 ï91.6 ï99.6 

 
ï95.0 ï94.6 ï28.8 ï55.1 ï51.3 ï66.0 

3rd Street to  
5th Street 

1681 

Before 39.6 0.3 29.0 13.6 6.8   10.8 14.8 0.0166 1.3811 13.9838 0.7490 
After 27.5 0.0 41.8 1.7 0.0 

 
0.2 0.9 0.0133 0.8105 9.9682 0.3239 

Change ï12.1 ï0.3 12.8 ï11.9 ï6.8 
 

ï10.6 ï13.9 ï0.0033 ï0.5706 ï4.0156 ï0.4251 
% Change ï30.6 ï120.0 44.1 ï87.6 ï100.7 

 
ï98.6 ï93.7 ï19.9 ï41.3 ï28.7 ï56.8 

5th Street to  
Bayberry  

Lane 
1165 

Before 36.2 0.8 22.2 18.2 6.9   15.5 23.3 0.0128 1.2060 10.1763 0.6953 
After 19.4 0.0 41.3 1.4 0.0 

 
0.0 0.3 0.0092 0.5905 6.8947 0.2500 

Change ï16.8 ï0.8 19.1 ï16.8 ï6.9 
 

ï15.5 ï23.0 ï0.0036 ï0.6155 ï3.2816 ï0.4453 
% Change ï46.5 ï106.7 86.1 ï92.5 ï99.8 

 
ï100.0 ï98.6 ï28.1 ï51.0 ï32.2 ï64.0 

Bayberry  
Lane to Blue  

Parkway 
1202 

Before 33.8 0.3 24.0 15.5 6.0   10.8 18.9 0.0135 1.4716 14.4119 0.9727 
After 21.8 0.0 37.1 3.3 0.0 

 
0.0 2.3 0.0091 0.5870 6.3477 0.2268 

Change ï12.0 ï0.3 13.1 ï12.2 ï6.0 
 

ï10.8 ï16.6 ï0.0044 ï0.8846 ï8.0642 ï0.7459 
% Change ï35.6 ï90.0 54.5 ï78.7 ï100.0 

 
ï99.7 ï87.8 ï32.5 ï60.1 ï56.0 ï76.7 



TABLE A -4.  Comparison of results from travel time runs in the southbound direction during the morning off-peak period by 

segment (Continued). 
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Segment  
description 

Segment  
length (ft) 

Study  
period 

Travel 
time  
(sec) 

Proportion 
of 

stops 

Avg 
speed  
(mph) 

Avg total 
delay  
(sec) 

Stopped time 
 

Congested time 

Avg fuel 
consumption  

(gal) 

Emissions 

Avg time <=  
3 mph  
(sec)   

Avg time <=  
20 mph  

(sec) 

Avg time <= 
30 mph  

(sec) 
Avg HC  

(g) 
Avg CO  

(g) 

Avg  
Nox  
(g) 

Blue  
Parkway to  

North US 50  
Ramp 

213 

Before 14.2 0.3 10.1 11.0 6.2 
 

11.4 13.3 0.0038 0.3889 2.5471 0.1905 
After 4.2 0.0 34.2 0.3 0.0 

 
0.0 0.5 0.0016 0.1069 1.1126 0.0402 

Change ï10.0 ï0.3 24.1 ï10.7 ï6.2 
 

ï11.4 ï12.8 ï0.0022 ï0.2820 ï1.4345 ï0.1503 
% Change ï70.6 ï90.0 239.6 ï97.3 ï100.5 

 
ï99.9 ï96.6 ï57.7 ï72.5 ï56.3 ï78.9 

North US 50  
Ramp to  

South US 50  
Ramp 

244 

Before 8.3 0.1 20.0 4.5 1.2   4.1 6.7 0.0031 0.3936 2.7590 0.3056 
After 4.6 0.0 36.4 0.8 0.0 

 
0.0 0.3 0.0015 0.1190 1.3050 0.0513 

Change ï3.7 ï0.1 16.4 ï3.7 ï1.2 
 

ï4.1 ï6.4 ï0.0016 ï0.2746 ï1.4540 ï0.2543 
% Change ï44.4 ï120.0 81.8 ï82.2 ï102.9 

 
ï100.4 ï96.0 ï50.8 ï69.8 ï52.7 ï83.2 

Corridor  
Totals 

2.57 miles 

Before 366.2 4.4 25.2 158.7 78.2   134.3 185.3 0.1523 14.9366 149.0118 9.3626 
After 228.1 0.2 40.5 19.5 4.8 

 
6.8 13.4 0.1124 7.8588 96.4903 3.8332 

Change ï138.1 ï4.2 15.3 ï139.2 ï73.4 
 
ï127.5 ï171.9 ï0.0399 ï7.0778 ï52.5215 ï5.5294 

% Change ï37.7 ï95.1 60.6 ï87.7 ï93.9   ï94.9 ï92.8 ï26.2 ï47.4 ï35.2 ï59.1 
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TABLE A -5.  Comparison of results from travel time runs in the northbound direction during the noon peak period by 

segment. 

Segment  
description 

Segment  
length (ft) 

Study  
period 

Travel 
time  
(sec) 

Proportion 
of 

stops 

Avg 
speed  
(mph) 

Avg total 
delay  
(sec) 

Stopped time 
 

Congested time 

Avg fuel 
consumption  

(gal) 

Emissions 

Avg time <=  
3 mph  
(sec)   

Avg time <=  
20 mph  

(sec) 

Avg time <= 
30 mph  

(sec) 
Avg HC  

(g) 
Avg CO  

(g) 

Avg  
Nox  
(g) 

US 50 South  
Ramp to US 50  

North Ramp 
335 

Before 10.2 0.0 22.3 4.9 0.0 
 

3.8 6.6 0.0034 0.3122 2.5727 0.1669 
After 10.6 0.0 21.5 5.2 0.0 

 
3.1 8.9 0.0048 0.6088 4.6643 0.4859 

Change 0.4 0.0 ï0.8 0.3 0.0 
 

ï0.7 2.3 0.0014 0.2966 2.0916 0.3190 
% Change 3.9 ï ï3.6 6.1 ï 

 
ï18.3 34.7 41.1 95.0 81.3 191.1 

US 50 North  
Ramp to Blue  

Parkway 
213 

Before 11.9 0.2 11.8 8.5 5.0   8.5 10.5 0.0041 0.4813 3.2069 0.3321 
After 9.6 0.2 14.7 6.2 3.8 

 
5.5 8.3 0.0032 0.3906 3.5171 0.2508 

Change ï2.3 0.0 2.9 ï2.3 ï1.2 
 

ï3.0 ï2.2 ï0.0009 ï0.0907 0.3102 ï0.0813 
% Change ï19.3 0.0 24.6 ï26.9 ï24.0 

 
ï35.1 ï20.9 ï22.2 ï18.8 9.7 ï24.5 

Blue Parkway  
to Bayberry  

Lane 
1178 

Before 26.0 0.1 30.9 7.7 2.5   3.2 6.6 0.0118 1.2327 13.3798 0.8152 
After 26.6 0.0 30.2 8.3 3.2 

 
4.3 7.6 0.0122 1.3142 14.8528 0.8819 

Change 0.6 ï0.1 ï0.7 0.6 0.7 
 

1.1 1.0 0.0004 0.0815 1.4730 0.0667 
% Change 2.3 ï110.0 ï2.3 7.8 27.5 

 
34.6 15.1 3.4 6.6 11.0 8.2 

Bayberry Lane  
to 5th Street 

1167 

Before 20.7 0.0 38.6 2.5 0.0   0.1 0.4 0.0097 0.7640 9.4255 0.3977 
After 23.2 0.1 34.5 5.3 1.7 

 
2.1 3.2 0.0105 0.9098 10.1402 0.5195 

Change 2.5 0.1 ï4.1 2.8 1.7 
 

2.0 2.8 0.0008 0.1458 0.7147 0.1218 
% Change 12.1 ï ï10.6 110.0 ï 

 
2200.0 770.0 8.3 19.1 7.6 30.6 

5th Street to  
3rd Street 

1677 

Before 39.5 0.5 29.0 13.6 7.5   11.6 13.9 0.0162 1.3229 13.7703 0.6885 
After 30.6 0.0 37.5 4.6 0.0 

 
0.0 1.8 0.0131 0.9172 10.5400 0.4005 

Change ï8.9 ï0.5 8.5 ï9.0 ï7.5 
 

ï11.6 ï12.1 ï0.0031 ï0.4057 ï3.2303 ï0.2880 
% Change ï22.5 ï110.0 29.3 ï66.0 ï100.6 

 
ï99.7 ï87.0 ï19.1 ï30.7 ï23.5 ï41.8 

3rd Street to  
Langsford  

Road 
1018 

Before 41.7 0.4 16.5 26.1 20.7   23.5 27.5 0.0146 1.5554 16.0213 0.8790 
After 20.3 0.0 34.0 4.6 0.0 

 
0.5 6.0 0.0094 0.9680 11.1547 0.6375 

Change ï21.4 ï0.4 17.5 ï21.5 ï20.7 
 

ï23.0 ï21.5 ï0.0052 ï0.5874 ï4.8666 ï0.2415 
% Change ï51.3 ï110.0 105.9 ï82.4 ï99.9 

 
ï98.1 ï78.3 ï35.6 ï37.8 ï30.4 ï27.5 

Langsford  
Road  

Columbus  
Street 

1492 

Before 28.8 0.0 35.6 5.8 0.0   1.2 6.2 0.0138 1.2974 14.3097 0.8377 
After 31.3 0.2 32.8 8.1 4.9 

 
6.2 7.4 0.0147 1.3079 15.7164 0.7731 

Change 2.5 0.2 ï2.8 2.3 4.9 
 

5.0 1.2 0.0009 0.0105 1.4067 ï0.0646 
% Change 8.7 ï ï7.9 39.5 ï 

 
423.1 19.4 6.5 0.8 9.8 ï7.7 

Columbus  
Street to  

Chipman Road 
1003 

Before 18.1 0.0 37.6 2.3 0.0   0.0 0.9 0.0090 0.8753 10.7589 0.5613 
After 26.3 0.3 25.9 10.8 7.1 

 
9.5 11.5 0.0112 1.0857 11.8126 0.6633 

Change 8.2 0.3 ï11.7 8.5 7.1 
 

9.5 10.6 0.0022 0.2104 1.0537 0.1020 
% Change 45.3 ï ï31.1 374.0 ï 

 
ï 1166.0 24.4 24.0 9.8 18.2 

Chipman Road  
to Swann Drive 

1166 

Before 26.2 0.3 30.3 8.3 4.0   6.9 8.3 0.0110 0.9216 10.3256 0.4918 
After 20.2 0.0 39.3 2.3 0.0 

 
0.5 1.3 0.0104 0.8843 10.5814 0.5343 

Change ï6.0 ï0.3 9.0 ï6.0 ï4.0 
 

ï6.4 ï7.0 ï0.0006 ï0.0373 0.2558 0.0425 
% Change ï22.9 ï110.0 29.7 ï72.5 ï100.0 

 
ï92.6 ï84.6 ï5.5 ï4.0 2.5 8.6 



TABLE A -5.  Comparison of results from travel time runs in the northbound direction during the noon peak period by 

segment (Continued). 
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Segment  
description 

Segment  
length (ft) 

Study  
period 

Travel 
time  
(sec) 

Proportion 
of 

stops 

Avg 
speed  
(mph) 

Avg total 
delay  
(sec) 

Stopped time 
 

Congested time 

Avg fuel 
consumption  

(gal) 

Emissions 

Avg time <=  
3 mph  
(sec)   

Avg time <=  
20 mph  

(sec) 

Avg time <= 
30 mph  

(sec) 
Avg HC  

(g) 
Avg CO  

(g) 

Avg  
Nox  
(g) 

Swann Drive to  
Tudor Road 

1469 

Before 33.0 0.3 30.5 10.5 6.1   8.7 11.0 0.0153 1.4033 16.0777 0.8578 
After 26.9 0.1 37.4 4.2 0.8 

 
1.9 4.2 0.0126 0.9798 11.2915 0.5381 

Change ï6.1 ï0.2 6.9 ï6.3 ï5.3 
 

ï6.8 ï6.8 ï0.0027 ï0.4235 ï4.7862 ï0.3197 
% Change ï18.5 ï73.3 22.6 ï59.7 ï87.0 

 
ï77.9 ï61.8 ï17.6 ï30.2 ï29.8 ï37.3 

Tudor Road to  
Mulberry Street 

2724 

Before 50.4 0.2 37.0 9.4 7.5   9.0 10.1 0.0273 2.3880 30.7124 1.4695 
After 43.3 0.1 43.0 2.0 0.7 

 
1.4 2.3 0.0250 2.1246 28.3504 1.3248 

Change ï7.1 ï0.1 6.0 ï7.4 ï6.8 
 

ï7.6 ï7.8 ï0.0023 ï0.2634 ï2.3620 ï0.1447 
% Change ï14.1 ï55.0 16.2 ï79.0 ï90.1 

 
ï84.4 ï77.3 ï8.4 ï11.0 ï7.7 ï9.8 

Corridor  
Totals 

2.55 miles 

Before 306.5 1.8 29.9 99.7 53.4   76.5 102.0 0.1362 12.5541 140.5607 7.4976 
After 268.7 0.8 34.1 61.4 22.2 

 
35.0 62.4 0.1271 11.4909 132.6214 7.0097 

Change ï37.8 ï1.0 4.2 ï38.3 ï31.2 
 

ï41.5 ï39.6 ï0.0091 ï1.0632 ï7.9393 ï0.4879 
% Change ï12.3 ï55.0 14.0 ï38.4 ï58.5   ï54.2 ï38.8 ï6.7 ï8.5 ï5.6 ï6.5 

 

 




