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APPENDIX F 

INDIVIDUAL PROJECT SUMMARIES 

MEDIUM CITIES 



Individual Project Summaries - Medium Cities 

Reduction In Dally Totals 
Delay Fuel Total Annual 

City System Stops (veh-hrs) (gals) Savings($) 
Amarillo Central Business District 15,443 45,037.00 17,065.00 532,300 
Beaumont College Street 7,389 449.25 60.30 1,396,874 

Dowlen Road 9,185 26.25 88.35 143,830 
Highland Avenue 2,358 (2.55) 15.90 7,024 
Lucas Street (294) 33.15 10.80 101,455 
Major Drive 5,097 52.80 77.85 203,162 
Washin_gton Boulevard 1892 586.35 33.30 1,776 984 

Brownsville Boca Chica Boulevard 23,854 404.80 376.20 1,427,447 
Central Boulevard 7,680 67.60 86.20 260,916 
International Boulevard 9,166 133.40 27.60 446,977 
Palm Boulevard 9,372 31.40 46.40 147 482 

Denton Bell 58,582 616.80 811.60 2339924 
Galveston Galveston System 6924 169.70 155.80 584 921 
Garland Central Area System 36,025 376.51 1,154.31 1,627,131 

North Area System 211,687 785.00 1,849.00 3,798,785 
South Sub-network System 9356 2 377.50 3265.00 8152043 

Grand Prairie Great Southwest Parkway 8,232 330.00 286.00 1,110,374 
Main/Jefferson Street System 
Sl-1303 39 560 7 420.00 1608.00 22908,552 

Harlingen Commerce Street 6,554 64.60 9.80 224,267 
First Street 160 4.60 2.64 15,264 
Loop448 5,804 125.60 0.80 401,417 

Longview High Street 9,740 168.40 293.20 634,068 
Judson Road 3,568 148.60 (108.00) 428,386 
Mobberly Avenue 5,808 43.80 .(262.00' 77,194 

Lubbock Central Business District N/A N/A N/A N/A 

Total 
Cost($) B/CRatlo 

187,717 2.8 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 

41,176 34.67 
40,016 6.52 
32,171 13.89 
59,306 2.49 
57,143 40.95 

181,688 3.22 
330,580 4.92 
698,000 5.44 
500,000 16.30 
119,583 9.29 

118 538 193.26 
14,363 15.61 
4,221 3.62 
5,166 77.7 

86,590 7.32 
31,053 13.8 
51,003 1.51 

106,962 N/A 
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Individual Project Summaries- Medium Cities (Cont.) 

Reduction In Daily Totals 
Delay Fuel Total Annual 

City System Stops .(veh-hrs) (gals) Savings 00_ 
McAllen Loop374 19,792 348.80 516.80 1,284,566 
Midland Big Spring St/ Garfield St 24,261 647.02 809.13 2,285,689 

Midkiff Rd/ Andrews Hwy 127 464 4 053.47 5 883.74 14 460888 
Odessa Central Business District 106,148 1,856.00 191.00 6 071120 
Port Arthur Memorial Dr./GulfwayDr. 36966 415.80 90.00 1429,657 
San Angelo Bryant Boulevard 22,381 70.51 259.11 383,263 

CBD System 4887 175.17 165.19 595 592 
Victoria Navarro Street (8,304) 315.00 81.40 934,543 

Rio Grande Street 9462 136.00 57.40 464,960 
Waco S. 17th/S. 18th Streets 9,108 155.00 147.00 547,952 

N. 25th/N. 26th Streets 8,699 36.75 80.00 170,787 
Waco Drive -- --·~1~,704 318.60 303.00 1,116,857 

- -- --- ---

Total 
Cost{$) B/C Ratio 

969,546 13.31 
68,615 33.31 
89,231 162.06 
59027 102.85 

109_,213 13.09 
238,777 1.61 
179,668 3.31 
62,679 14.91 
66,020 7.04 
25,211 21.73 
40,579 4.21 
45,417 24.59 
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Central Business District 

The City's Engineering Department was assisted by the Texas Department of 
Transportation to work on the Central Business District project. The network consists of 
a 9 into 10 grid of mostly one-way streets. The attached map displays the project network 
system, cross streets, and link distances. 

The network area is predominantly commercial and consists of 86 signalized 
intersections which are controlled by a central computer located in the city hall. The 
controllers in the study area consist of 76 electromechanical controllers and 10 solid state 
controllers. All of the controllers are pretimed. Communications are via city owned 
hardwire. 

Four timing plans are used on a time-of day basis. The AM peak uses an 80 second 
cycle, the Noon peak an 80 second cycle, the PM peak a 100 second cycle and a 50 second 
Off-peak cycle. All signals operate on two phases except those along 3rd and lOth at Taylor, 
Fillmore, Pierce, and Buchanan. These provide a leading left tum onto the north-south one­
way. The study also included the feasibility of the removal of some intersections in the west 
part of the CBD that are not warranted and whose removal could improve progression. In 
order to improve the reliability, the city has also installed numerous solid state controllers. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Test car method was 
used to collect link travel times, average number of stops, and the stop locations. 

PASSER II model was considered practical to use in a CBD grid with predominantly 
one-way streets. The after data was not collected for the PM peak period. Also, the after 
data for the intersections was not collected/reported in a consistent manner. While AM, 
Noon, and Off-peak data were reported for some intersections, for other intersections, Noon 
and Off-peak data were reported, or AM and Noon peak data were reported. Lastly, for 
one intersection, only the Off peak data was reported. Implementing the new signal timings 
resulted in a total annual savings of about $532,300 to the motorists using the network. 
While the number of stops decreased by about 15,443, there were about 45,037 fewer hours 
of delay, and a fuel savings of about 17,065 gallons in a year. While the average travel 
times decreased on a few links, there was an increase in the travel times in a few links in 
the network. The maximum decrease and increase in the travel times were 47 seconds and 
65 seconds, respectively. The total cost of the project was $187,717, with a benefit to cost 
ratio of 3 to 1. 

Amarillo, Texas Central Business District 



Traffic Lirfzt Synchronization I Page F-6 

Tyler/Fillmore/8uchanan/3rd/6th/7th/8th/1 Oth 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 49943 46693 309 2n.4 479.n 470.1 
HOURLY NOON 44444 43769 294.2 287.9 443.5 441.02 
VALUES PM N/A N/A N/A N/A N/A N/A 

OFF 29969 29099 128.3 123.3 310.05 307.53 
AM 3250 31.6 9.67 

DIFFERENCES NOON 675 6.3 2.48 
PM 0 0 0 
OFF 870 5 2.52 
AM 1.5 1.5 1.5 

HRSIOAY NOON 2.25 2.25 2.25 
PM N/A N/A N/A 
OFF 5.75 5.75 5.75 
AM 4875 47.4 14.505 

DAILY NOON 1519 14.175 5.58 
TOTALS PM 0 0 0 

OFF 5003 28.75 14.49 
TOTAL 11396 90.325 34.575 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $47,864 $270,975 $10,373 

PROJECT COST: See B-1 TOTAL ANNUAL SAVINGS: $329,212 

BENIFIT/COST RATIO: See B-1 

Amarillo, Texas Central Business District 
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Harrison/Polk/Taylor/Pierce/4th/5th 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM N/A N/A N/A N/A N/A N/A 
HOURLY NOON 22503 22031 133.7 132 256.41 255.53 
VALUES PM N/A N/A N/A N/A N/A N/A 

OFF 16818 16660 70.9 69.8 187.18 186.75 
AM 0 0 0 

DIFFERENCES NOON 472 1.7 0.88 
PM 0 0 0 
OFF 158 1.1 0.43 
AM N/A N/A N/A 

HRS/DAY · NOON 2.25 2.25 2.25 
PM N/A N/A N/A 
OFF 5.75 5.75 5.75 
AM 0 0 0 

DAILY NOON 1062 3.825 1.98 
TOTALS PM 0 0 0 

OFF 909 6.325 2.4725 
TOTAL 1971 10.15 4.4525 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $8,276 $30,450 $1,336 

PROJECT COST: See B-1 TOTAL ANNUAL SAVINGS: $40,062 

BENIFIT/COST RATIO: See B-1 

Amarillo, Texas Central Business District 
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9th/11th Avenue 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

-- - AM 13387 12105 120.3 89.3 117.24 105.99 
- HOURLY NOON 12028 11840 90.2 88;8 108.23 107.54 

VALUES PM N/A N/A N/A N/A N/A N/A 
OFF N/A N/A N/A N/A N/A N/A 

-- --- AM 1282 31 11.25 
· DIFFERENCES NOON 188 1.4 0.69 

·----- PM 0 0 0 

OFF 0 0 0 
AM.: 1.5 1.5 1.5 

HRS/DAY NOON 2.25 2.25 2.25 
PM N/A N/A N/A 
OFF N/A N/A N/A 
AM 1923 46.5 16.875 

DAILY NOON 423 3.15 1.5525 

TOTALS PM 0 0 0 
OFF 0 0 0 

TOTAL 2346 49.65 18.4275 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $9,853 $148,950 $5,528 

PROJECT COST: See B-1 TOTAL ANNUAL SAVINGS: $164,331 

BENIFIT/COST RATIO: See B-1 

Amarillo, Texas Central Business District 
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2nd Avenue 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM N/A N/A N/A N/A N/A N/A 
HOURLY NOON N/A N/A N/A N/A N/A N/A 
VALUES PM N/A N/A N/A N/A N/A N/A 

OFF 885 932 2.4 2.4 10.99 11.09 
AM 0 0 0 

DIFFERENCES NOON 0 0 0 
PM 0 0 0 
OFF -47 0 -0.1 
AM N/A N/A N/A 

HRS/DAY NOON N/A N/A N/A 
PM N/A N/A N/A 
OFF 5.75 5.75 5.75 
AM 0 0 0 

DAILY NOON 0 0 0 
TOTALS PM 0 0 0 

OFF -270 0 -0.575 
TOTAL -270 0 -0.575 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS ($1,135) $0 ($172) 

PROJECT COST: See B-1 TOTAL ANNUAL SAVINGS: ($1,308) 

BENIFIT/COST RATIO: See B-1 

Amarillo, Texas Central Business District 





Traffic Light Synchronization I Page F-11 

College Street 

The City of Beaumont worked on the following project. College Street is an east­
west arterial running from the west part of the CBD to the city limits. It has 4 intersections 
and a diamond interchange over a length of 1.1 miles. The attached map illustrates the 
project network, cross streets, and link distances. 

The interchange and the intersection with 11th Street dominate the performance of 
the arterial. A hospital and a shopping complex close to the intersection of College Street 
and 11th Street makes that intersection one of the busiest along the arterial. The land use 
along College Street is generally commercial and industrial. While the two major 
intersections are pre-timed, the other two intersections are actuated. These intersections 
had between two to eight phases. All of these intersections were controlled by 2M-800 
controllers. None of the intersections had any pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before the implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Fifteen minute 
volumes were collected for peak and off-peak periods. Saturation flow rates, lost time, and 
extension of effective green were estimated using the PASSER II assistant key. Floating test 
car method was used to collect average link travel times and delays. 

Optimization runs were completed utilizing the PASSER II and PASSER ill models. 
The outputs from these two models were combined graphically using methods found in a 
report titled "Application of Signal Timing Methodology to Suburban Arterials with 
Diamond Interchanges" by John L Hibbard and James C. Cline. This method combines the 
diamond interchange features of PASSER III and the maximum bandwidth solution 
provided by PASSER II. 

Implementing the improved signal timings resulted in a total savings of about 1.3 
million dollars. These savings were in the form of 2.2 million fewer stops (a reduction of 
10.7 percent), 135,000 fewer hours of delay (a reduction of 32 percent), and 18,090 fewer 
gallons of fuel (a savings of 3.1 percent) in a year. Travel times decreased in the direction 
of peak travel as progression was provided only in one direction. In the AM peak, the 
travel times decreased in the east-bound direction (27 percent), and increased in the west­
bound direction (23 percent). In the PM peak, the travel times in the west-bound direction 
decreased (36 percent) and increased in the east-bound direction (10 percent). The overall 
cost of the projects in the Beaumont area was about $51,891 with a benefit to cost ratio of 
70 to 1. 

Beaumont, Texas College Street 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 6667 5320 281.6 82.2 205.3 184.5 
HOURLY OFF 6379 5774 76.3 79.1 169.8 167.2 
VALUES .PM 7433 6879 254.3 140.2 213.7 207.3 

AM 1347 199.4 20.8 
DIFFERENCES OFF 605 -2.8 2.6 

PM 554 114.1 6.4 

AM 1.5 1.5 1.5 
HRS/DAY OFF 7.5 7.5 7.5 

PM 1.5 1.5 1.5 
AM 2021 299.1 31.2 

DAILY OFF 4538 -21 19.5 
PM 831 171.15 9.6 

TOTAL 7389 449.25 60.3 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $31,034 $1,347,750 $18,090 

PROJECT COST: See B-7 TOTAL ANNUAL SAVINGS: $1,396,874 

BENIFIT/COST RATIO: See B-7 

Beaumont, Texas College Street 
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Dowlen Road 

The City of Beaumont worked on the following project. Dowlen Street is a north­
south arterial running in the west part of the city. The system has four intersections over 
a length of 1.2 miles. The attached map illustrates the project network, cross streets, and 
link distances. 

The intersection with Phelan Street is very busy due to the presence of a shopping 
center nearby. Other factors influencing the performance of the system are a regional mall 
north of the system and two schools with 20 mph school zones. The land use along Dowlen 
Street is generally residential and commercial. While two intersections are pre-timed, the 
other two intersections are actuated. These intersections had between two to eight phases. 
All of these intersections were controlled by either 2M-800 or 2M-020 controllers. While 
the intersections with Gladys and Westgate had pedestrian controls, the intersections with 
Phelan and Calder did not have any pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before the implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Fifteen minute 
volumes were collected for peak and off-peak periods. Saturation flow rates, lost time, and 
extension of effective green were estimated using the PASSER II assistant key. Floating test 
car method was used to collect average link travel times and delays .. 

A maximum cycle length of 90 seconds for the AM peak, and 100 seconds for the 
Noon/Off Peak and PM peak, respectively, were used in PASSER II program to obtain 
optimum results. Implementing the improved signal timings resulted in a total savings of 
about $143,000. These savings were in the form of 2.75 million fewer stops (a reduction of 
12 percent), 7,900 fewer hours of delay (a reduction of 3.3 percent), and 26,520 fewer 
gallons of fuel (a savings of 4.5 percent) in a year. While the timing plans have improved 
the operational conditions, the travel times were observed to have increased significantly 
during all times of the day. This increase in travel times has been attributed to some error 
in the collection of the before data. The overall cost of the projects in the Beaumont area 
was about $51,891 with a benefit to cost ratio of 70 to 1. 

Beaumont, Texas Dowlen Road 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

~ 9285 8089 100.5 88.6 225.9 208.1 
HOURLY OFF 6295 5495 58.1 59.6 155.9 151 
VALUES PM 10660 9733 134.9 121.8 283.5 266.9 

AM 1196 11.9 17.8 
DIFFERENCES OFF BOO -1.5 4.9 

PM 927 13.1 16.6 
~ 1.5 1.5 1.5 

HAS/DAY OFF 7.5 7.5 7.5 
PM 1.5 1.5 1.5 

~ 1794 17.85 26.7 
DAILY OFF 6000 -11.25 36.75 

PM 1391 19.65 24.9 
TOTAL 9185 26.25 88.35 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $38,575 $78,750 $26,505 

PROJECT COST: See B-10 TOTAL ANNUAL SAVINGS: $143,830 

BENIFIT/COST RATIO: See B-10 

Beaumont, Texas Dowlen Road 
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Highland Avenue 

The City of Beaumont worked on the following project. Highland Street is a north­
south arterial running in the southeast section of the city. It has four intersections over a 
length of 0.78 mile. The attached map illustrates the project network, cross streets, and link 
distances. 

Lavaca and East-Virginia are minor arterials and are the dominant intersections on 
the arterials. Traffic on Highland does not show the peaking characteristics typical of the 
Beaumont area. But the close proximity of Lamar University and a 20 mph school zone in 
the system influence the traffic performance. The intersections in the system were actuated 
and have 2 phases. All of these intersections were controlled by 2M-800 controllers and 
were equipped with pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before the implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Fifteen minute 
volumes were collected for peak and off-peak periods. Saturation flow rates, lost time, and 
extension of effective green were estimated using the PASSER II assistant key. Floating test 
car method was used to collect average link travel times and delays. 

Optimization runs were completed utilizing PASSER IT model. While a maximum 
cycle length of 70 seconds was specified for the AM peak, a cycle length of 60 seconds was 
specified for the Noon/Off peak and PM peak. Implementing the improved signal timings 
resulted in a total annual savings of about $7000. While the stops and fuel consumption in 
a year decreased by 0.7 million (a reduction of 11 percent) and 4,770 gallons (a reduction 
of 4 percent) respectively, the delay increased by 780 veh-hrs (an increase of 3.7 percent). 
Before the improvements were made to the signal timings, the intersections were being 
operated in an isolated mode. Providing progression has resulted in a more efficient flow 
of traffic on the arterial but has increased the delay to the cross-street traffic. The overall 
increase in delay has taken place because the moderate traffic flow on Highland has not 
been able to offset the increase in delay to the cross-street. Travel times have generally 
decreased due to the improved signal timings. The average decrease in travel times in the 
AM peak, Noon/Off peak, and the PM peak were 10 percent, 12 percent, and 16 percent, 
respectively. The overall cost of the projects in the Beaumont area was about $51,891 with 
a benefit to cost ratio of 70 to 1. 

Beaumont, Texas Highland Avenue 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 3347 2759 10.9 12.2 58.7 58.1 
HOURLY OFF 1710 1525 5.8 5.9 34.5 32.6 
VALUES PM 1813 1754 6.6 6.5 39.3 38.8 

AM 588 -1.3 0.6 
DIFFERENCES OFF 185 -0.1 1.9 

p"" 59 0.1 0.5 
AM 1.5 1.5 1.5 

HRS/DAY OFF 7.5 7.5 7.5 
PM 1.5 1.5 1.5 
AM 882 -1.95 0.9 

DAILY OFF 1388 -0.75 14.25 
PM 89 0.15 0.75 

TOTAL 2358 -2.55 15.9 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $9,904 ($7,650) $4,770 

PROJECT COST: See B-13 TOTAL ANNUAL SAVINGS: $7,024 

BENIFIT/COST RATIO: See B-13 

Beaumont, Texas Highland Avenue 
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Lucas Street 

The City of Beaumont worked on the following project. Lucas Street is an east-west 
major arterial running in the north part of the city. It has 5 intersections including a 
diamond interchange and is over a length of 1.1 miles. The attached map illustrates the 
project network, cross streets, and link distances. 

The most critical intersection dominating the performance of the arterial is the 
diamond interchange with US 69. Other key intersections on the arterial are with Concord 
and Folsom. While the land use west of Concord is generally commercial, east of Concord 
is a mix of residential and commercial. Traffic performance is affected by shopping 
complexes at US 69 and Concord, vehicles accessing the freeway, and a 9th grade center 
south of Lucas on Concord. While intersections at Folsom and US 69 are pre-timed, the 
other intersections are actuated. These intersections had between two to eight phases. 
Either 2M-020 or 2M-800 controllers were operating the signals at the intersections. While 
the intersections at Concord and Bigner have pedestrian controls, rest of the intersections 
did not have any pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before the implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Fifteen minute 
volumes were collected for peak and off-peak periods. Saturation flow rates, lost time, and 
extension of effective green were estimated using the PASSER IT assistant key. Floating test 
car method was used to collect average link travel times and delays. 

Optimization runs were completed utilizing the PASSER IT and PASSER m models. 
The outputs from these two models were combined graphically using methods found in a 
report titled "Application of Signal Timing Methodology to Suburban Arterials with 
Diamond Interchanges" by John L. Hibbard and James C. Cline. This method combines the 
diamond interchange features of PASSER ill and the maximum bandwidth solution 
provided by PASSER II. 

Implementing the improved signal timings resulted in a total savings of about 
$101,000. While the number. of stops increased by 88,200 (an marginal increase of under 
1 percent), there were about 1000 fewer hours of delay (a reduction of 6 percent), and 3,240 
fewer gallons of fuel (a savings of 1.16 percent) in a year. Travel times decreased in the 
direction of peak travel as progression was provided only in one direction. While in the AM 
peak, the travel times decreased in the east-bound direction (22 percent), and increased in 
the west-bound direction (14 percent), in the PM peak, the travel times in both the 
directions decreased marginally. During the Noon/Off peak the travel times decreased by 
an average of 15 percent. The overall cost of the projects in the Beaumont area was about 
$51,891 with a benefit to cost ratio of 70 to 1. 

Beaumont, Texas Lucas Street 



Traffic Light Synchronization I Page F-21 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 3693 3286 71.2 40.3 93.8 85.9 
HOURLY OFF 2873 2996 39.2 43 78.1 78 

VALUES PM 5134 5122 75.4 65.2 131.9 133.1 
AM 407 30.9 7.9 

DIFFERENCES OFF -123 -3.8 0.1 
PM 12 10.2 -1.2 

AM 1.5 1.5 1.5 
HRS/DAY OFF 7.5 7.5 7.5 

PM 1.5 1.5 1.5 

AM 611 46.35 11.85 
DAILY OFF -923 -28.5 0.75 

PM 18 15.3 -1.8 
TOTAL -294 33.15 10.8 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS ($1,235) $99,450 $3,240 

PROJECT COST: See B-16 TOTAL ANNUAL SAVINGS: $101,455 

BENIFIT/COST RATIO: See B-16 

Beaumont, Texas Lucas Street 
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Major Drive 

The City of Beaumont worked on the following project. Major Drive is a north-south 
arterial located approximately one mile from the city limit. It has five intersections over a 
length of 1.65 miles. The attached map illustrates the project network, cross streets, and 
link distances. · 

College and Phelan are the major arterials intersecting the Major Drive. 
Development along this roadway is generally residential with some commercial use near the 
intersections of College and Phelan. A high school located at Manion has an impact on the 
intersection performance during the morning and the evening periods. A 20 mph zone is 
present in front of a school between McLean and College. All of the intersections except 
Phelan are actuated and have between two to eight phases. The controllers used to operate 
the signals were either, 2M-020, 2M-800, 2 AUTOMATIC, or CROUSEHINDS DM400 
controllers. None of the intersections were equipped with pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before the implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Fifteen minute 
volumes were collected for peak and off-peak periods. Saturation flow rates, lost time, and 
extension of effective green were estimated using the PASSER II assistant key. Floating test 
car method was used to collect average link travel times and delays. 

Optimization runs were completed utilizing PASSER II model. While a maximum 
cycle length of 90 seconds was specified for the AM peak, a cycle length of 80 seconds was 
specified for the Noon/Offpeak and PM peak. Implementing the improved signal timings 
resulted in a total annual savings of about $203,000. The number of stops, fuel 
consumption, and total delay in a year decreased by 1.53 million stops (a reduction of 9.8 
percent), 23,370 gallons (a reduction of 6.1 percent), and 15,840 veh-hrs (an decrease of 11 
percent), respectively. Travel time studies after the implementation were conducted only 
on segments which were not having any construction activity. The overall cost of the 
projects in the Beaumont area was about $51,891 with a benefit to cost ratio of 70 to 1. 

Beaumont, Texas Major Drive 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

.. 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 7962 6418 98.5 66.9 202 167.2 
HOURLY OFF 3879 3569 30.7 30.2 93.8 91 
VALUES PM 7017 6713 63.5 62.4 170.7 167.6 

AM 1544 31.6 34.8 
DIFFERENCES OFF 310 0.5 2.8 

PM 304 1.1 3.1 
AM 1.5 1.5 1.5 

HRS/DAY OFF 7.5 7.5 7.5 
PM 1.5 1.5 1.5 
AM 2316 47.4 52.2 

DAILY OFF 2325 3.75 21 
PM 456 1.65 4.65 

TOTAL 5097 52.8 n.as 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $21,407 $158,400 $23,355 

PROJECT COST: See B-19 TOTAL ANNUAL SAVINGS: $203,162 

BENIFIT/COST RATIO: See B-19 

Beaumont, Texas Major Drive 
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Washington Boulevard 

The City of Beaumont worked on the following project. Washington Blvd. is a major 
east-west arterial located in the southwest part of the city. The system has 4 intersections 
including a diamond interchange and is over a length of 1.6 miles. The attached map 
illustrates the project network, cross streets, and link distances. 

The most critical intersection dominating the performance of the arterial is the 
diamond interchange with IH-10. The interchange is skewed and has no U-tum lane. The 
land use along Washington Blvd. is generally commercial. Traffic performance is affected 
by trucking companies and the Beaumont Hilton in the area, vehicles accessing the IH-10, 
and residential areas east and west of the system. All of the intersections except the 
diamond interchange were pre-timed and had only two phases. The diamond interchange 
had four phases. While a 2M-020 controller operated the diamond interchange, rest of the 
intersections were operated by 2M-800 controllers. None of the intersections had any 
pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before the implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Fifteen minute 
volumes were collected for peak and off-peak periods. Saturation flow rates, lost time, and 
extension of effective green were estimated using the PASSER II assistant key. Floating test 
car method was used to collect average link travel times and delays. 

Optimization runs were completed utilizing the PASSER II and PASSER ill models. 
The outputs from these two models were combined graphically using methods found in a 
report titled "Application of Signal Timing Methodology to Suburban Arterials with 
Diamond Interchanges" by John L. Hibbard and James C. Cline. This method combines the 
diamond interchange features of PASSER III and the maximum bandwidth solution 
provided by PASSER II. 

Implementing the improved signal timings resulted in a total savings of about 
$1,770,000. These savings were in the form of a reduction in the number of stops of 0.57 
million (a decrease of about 11 percent), about 176,00 fewer hours of delay (a reduction of 
72 percent), and 10,000 fewer gallons of fuel (a savings of 5 percent) in a year. Travel times 
decreased significantly in both directions for all study periods except in the west-bound 
direction in the PM peak when it increased by about 7.4 percent. The travel times 
decreased by 28 percent (east-bound) and 8.6 percent (west-bound) in the AM peak, by 36 
percent (east-bound) and 20 percent (west-bound) in the Noon/Off peak, and by 32 percent 
in the east-bound direction in the PM peak. The overall cost of the projects in the 
Beaumont area was about $51,891 with a benefit to cost ratio of 70 to 1. 

Beaumont, Texas Washington Boulevard 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 2810 2357 48.3 22.9 116 109.1 
HOURLY OFF 1220 1204 66.4 19.8 51.2 51.4 
VALUES PM 2201 1473 162.8 30.3 92.1 75.8 

AM 453 25.4 6.9 
DIFFERENCES OFF 16 46.6 -0.2 

PM 728 132.5 16.3 

AM 1.5 1.5 1.5 
HAS/DAY OFF 7.5 7.5 7.5 

PM 1.5 1.5 1.5 

AM 680 38.1 10.35 
DAILY OFF 120 349.5 -1.5 

PM 1092 198.75 24.45 
TOTAL 1892 586.35 33.3 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $7,944 $1,759,050 $9,990 

PROJECT COST: See B-22 TOTAL ANNUAL SAVINGS: $1,n6,984 

BENIFIT/COST RAllO: See B-22 

Beaumont, Texas Washington Boulevard 
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Boca Chica Boulevard 

The City of Brownsville Department of Public Works and Transportation worked on 
the following project. A total of twelve signalized intersections were included in Boca Chica 
Blvd. segment at spacing that varied between 250 feet and 3,100 feet. The attached figure 
displays the project network system, cross streets, and link distances. 

The signals in this system were controlled by five new NEMA type controllers, two 
three-dial electromechanical controllers, two NEMA TRAFCON controllers, and one 
NEMA NAZTEC controller. The other intersections in the system had either a TRAFCON 
or NAZTEC controllers. The master for five interconnected intersections was located at 
Paredes Line. The controllers at Kings Highway and Security Drive had masters with time­
based coordinators, and were also interconnected. Intersections without hardwire 
interconnect were synchronized into the system by means of the Time Base Coordination 
of the new controllers installed. The two electromagnetic controllers were pretimed. All 
other signals are actuated. All intersections had between three and eight signal phases. 
Five of the twelve signals were equipped with pedestrian controls. 

In order to evaluate the system performance, the ''before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. The signal system of Boca Chica Blvd. was divided into three 
subsystems and one isolated intersection based on similar characteristics and/ or close 
proximity of the intersections to optimize the signal timing. The isolated intersection was 
Old Port Isabel/McDavitt Blvd, which was operating at fully actuated. The intersections at 
Palm Blvd. and the US 77/83 frontage roads had heavy turning movements onto and from 
Boca Chica Blvd., which needed manual adjustments to the time-space diagrams. Shorter 
cycle lengths for off-peak penods from Old Alice to Simpson helped in reducing the building 
up of queues in segments with limited storage. 

Based on Passer II-87 simulation, the project resulted in an estimated 1.4 million 
dollar savings per year on total operating cost, a direct benefit to motorists using these 
routes. This operating cost savings included a total savings of 7,156,200 stops (a 10 percent 
reduction), a total annual fuel savings of 112,860 gallons (a 9.3 percent reduction), and a 
delay annual savings of 121;440 veh-hrs (a 17.7 percent reduction). Travel times were 
reduced in the range of 25 to 45 percent. Improvements and benefits were derived from the 
project in spite of roadway capacity limitations and some electromagnetic controllers that 
had to be reused. It was assumed that the timings implemented will yield benefits for three 
to five years. The changes in traffic flow patterns and increases in traffic volumes require 
another signal retiming after three to five years. The total cost of the project was $42,000, 
and the resultant benefit to cost ratio was 35 to 1. 

Brownsville, Texas Boca Chica Boulevard 



Traffic Light Synchronization I Page F-30 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 28008 25125 288.8 244.2 449.5 441.7 
HOURLY OFF 20423 18847 175.2 150.1 354.3 305 
VALUES PM 29931 25615 328.9 246.4 507 474.6 

AM 2883 44.6 7.8 
DIFFERENCES OFF 1576 25.1 49.3 

PM 4316 82.5 32.4 
AM 2 2 2 

HAS/DAY .OFF 6 6 6 
PM 2 2 2 
AM 5766 89.2 15.6 

DAILY OFF 9456 150.6 295.8 
PM 8632 165 64.8 

TOTAL 23854 404.8 376.2 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $100,187 $1,214,400 $112,860 

PROJECT COST: $41,176 TOTAL ANNUAL SAVINGS: $1,427,447 

BENIFIT/COST RATIO: 34.67 

Brownsville, Texas Boca Chica Boulevard 
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Central Boulevard 

The City of Brownsville Department of Public Works and Transportation worked on 
the following project. A total of five signalized intersections were included in the Central 
Blvd. segment at spacing that varied between 1250 feet and 2850 feet. Although the speed 
limit was 30 miles per hour, the prevailing speeds were found to be 40 to 45 miles per hour. 
This was due to the excellent roadway facility, with wide travel lanes, shoulders, and a 
continuous left tum lane. The attached figure displays the project network system, cross 
streets, and link distances. 

The signals in this system were controlled .by four new NEMA type controllers with 
time based coordinators. These new controllers were installed at Elizabeth Street, Jefferson 
Street, Boca Chica Blvd., and Los Ebanos. Price Road already had a controller with a Time 
Based Coordinator. All the signals were actuated. The intersections from Elizabeth street 
to Boca Chica Blvd. did not have vehicle detectors and were operating on recall to max, 
therefore operating like pretimed controllers. All intersections had between four and eight 
signal phases. The signals were not equipped with pedestrian controls. 

In order to evaluate the system performance, the "before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER II-87 for 
each of the morning, afternoon, and off-peak periods. Manual adjustments were made to 
the time-space diagrams to improve the progression for a large number of right turns from 
Elizabeth street in the northbound direction. To handle an off-peak hour "peak condition" 
caused by school generated traffic during school discharge in the middle of the afternoon, 
an additional timing plan was implemented in the field at the intersection of Central and 
Boca Chica Boulevard. After implementing the new timings, travel time measurements for 
the optimized conditions produced absolutely no stops in some runs and one stop in other 
runs. 

Based on Passer II-87 simulation, the project resulted in an estimated $260,000 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 2,304,000 stops (an 11.6 percent 
reduction), a total annual fuel savings of 25,860 gallons (a 4.9 percent reduction), and a 
delay annual savings of 20,280 veh-hrs (an 11.2 percent reduction). Travel times were 
reduced in the range of 31 to 38 percent, with average travel times of 2.5 minutes at average 
speeds of 35 MPH. It was assumed that the timings implemented will yield benefits for 
three to five years. The changes in traffic flow patterns and increases in traffic volumes 
require another signal retiming after three to five years. The total cost of the project was 
$40,000, and the resultant benefit to cost ratio was 7 to 1. 

Brownsville, Texas Central Boulevard 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 7745 7019 72.8 69,3 190.3 185.1 
HOURLY OFF 5938 5184 51.8 43.7 158.6 148.7 
VALUES PM 7647 6795 73.6 67.6 207 198.8 

AM 726 3.5 5.2 
DIFFERENCES OFF 754 8.1 9.9 

PM 852 6 8.2 
AM 2 2 2 

HRS/DAY OFF 6 6 6 
PM 2 2 2 
AM 1452 7 10.4 

DAILY OFF 4524 48.6 59.4 
PM 1704 12 16.4 

TOTAL 7680 67.6 86.2 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $32,256 $202,800 $25,860 

" 
PROJECT COST: $40,Q16 TOTAL ANNUAL SAVINGS: $260,916 

BENIFIT/COST RATIO: 6.52 

Brownsville, Texas Central Boulevard 
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International Boulevard 

The City of Brownsville Department of Public Works and Transportation worked on 
the following project. A total of ten signalized intersections were included in the 
International Blvd. segment at spacing that varied between 315 feet and 1210 feet. 
International Blvd. is the major route to Matamoros, Mexico. Heavy truck flows were 
observed through this corridor. Traffic volumes were in the range of 30,000 vehicles per day. 
The attached figure displays the project network system, cross streets, and link distances. 

The signals in this system were controlled by three new NEMA type controllers. Two 
of them, with interconnect and time based coordinators, were installed at Adams and US 
77/83 SFR. Another new NEMA controller was a System Master installed at US 77/83 
NFR. The controllers at other intersections were solid state pretimed controllers. All the 
signals were pretimed. All intersections had between two and four signal phases. The 
signals were not equipped with pedestrian controls. 

In order to evaluate the system performance, the ''before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER ll-87 for 
each of the morning, afternoon, and off-peak periods. The high accessibility of the corridor 
provides a need to maintain high levels of movements through the corridor. The cycle 
lengths used for AM, Noon, and PM peak periods were 85, 90, and 90 seconds respectively. 

· These cycle lengths were found to be most appropriate with regard to the prevailing traffic 
demand along the system. Manual adjustments were made to splits and offsets to improve 
the progression of the system. As the southbound traffic was found to be relatively low 
during the peak periods, the northbound traffic was given priority for progression during the 
peak periods. 

Based on Passer ll-87 simulation, the project resulted in an estimated $440,000 
savings per year on total operating cos~ a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 2,749,800 stops (a 5.5 percent 
reduction), a total annual fuel savings of 8,280 gallons (a 1.4 percent reduction), and a delay 
annual savings of 40,020 veh-hrs (an 11.4 percent reduction). Travel times were reduced in 
the range of 18 and 15 percent for the AM and PM peak periods respectively. A 9 percent 
reduction in travel times was observed for the northbound direction during the noon peak 
period. It was assumed that the timings implemented will yield benefits for five years. The 
changes in traffic flow patterns and increases in traffic volumes require another signal 
retiming after five years. The total cost of the project was $32,000, and the resultant benefit 
to cost ratio was 14 to 1. 

Brownsville, Texas International Boulevard 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 15880 15095 101.9 96 197.5 195.2 
HOURLY OFF 16100 15590 110.7 99.9 199.4 197.6 
VALUES PM 19705 17437 151.5 123.1 226.2 220.1 

AM 785 5.9 2.3 
DIFFERENCES OFF 510 10.8 1.8 

PM 2268 28.4 6.1 
AM 2 2 2 

HAS/DAY OFF 6 6 6 
PM 2 2 2 
AM 1570 11.8 4.6 

DAILY OFF 3060 64.8 10.8 
PM 4536 56.8 12.2 

TOTAL 9166 133.4 27.6 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $38,497 $400,200 $8,280 

PROJECT COST: $32,171 TOTAL ANNUAL SAVINGS: $446,9n 

BENIFIT/COST RATIO: 13.89 

Brownsville, Texas International Boulevard 
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Palm Boulevard 

The City of Brownsville Department of Public Works and Transportation worked on 
the following project. A total of eight signalized intersections were included in the Palm 
Blvd. segment at spacing that varied between 325 feet and 2100 feet. Vehicles were found 
to be operating at limited speeds of 25 mph during the peak periods due to the close 
proximity of traffic signals, high traffic demands, and existing land use. The attached figure 
displays the project network systein, cross streets, and link distances. 

The signals in this system were controlled by two ·new NEMA type controllers with 
time based coordinators. Another new NEMA type controller was installed at Jefferson 
which served as the System Master. The project utilized four existing electromechanical 
controllers and one existing solid state controller. All the existing controllers were pretimed. 
The signals at the three new NEMA type controllers were actuated. All intersections had 
between two and six signal phases. The signal at Ringgold was equipped with pedestrian 
control. Other signals did not have pedestrian controls. 

In order to evaluate the system performance, the "before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER II-87 for 
each of the morning, afternoon, and off-peak periods. Detectors were installed in the left 
turning lanes at Calle Retama, Ringgold, and Jefferson Street intersections in order to 
maximize the efficiency of the signals. A design speed of 25 mph was utilized for all peak 
periods of the day. The cycle lengths used for the AM, Noon, and PM peak periods were 
70, 80, and 80 seconds long, respectively. These cycle lengths were found to be most 
appropriate with regard to the prevailing traffic demand along the system. Manual 
adjustments were made to splits and offsets to improve the progression of the system. 

Based on Passer II-87 simulation, the project resulted in an estimated $148,000 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 2,811,600 stops (a 14 percent 
reduction), a total annual fuel savings of 13,920 gallons (a 4.7 percent reduction), and a 
delay annual savings of 9,420 veh-hrs (a 6.9 percent reduction). In spite of the limitations 
presented by closely spaced signals and high pedestrian and vehicular demand, 
improvements and benefits were derived from the project. Travel times were reduced 
between 16 and 39 percent depending on the peak period in question. These travel time 
savings resulted in system travel speeds ranging between 18 and 25 mph. It was assumed 
that the timings implemented will yield benefits for five years. The changes in traffic flow 
patterns and increase in traffic volumes require another signal retiming in five years. The 
total cost of the project was $59,000, and the resultant benefit to cost ratio was 3 to 1. 

Brownsville, Texas Palm Boulevard 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 6050 5462 47.5 40;9 95.4 91 
HOURLY OFF 6304 5372 40.5 39.2 94.8 91.5 
VALUES PM 8600 7298 59.9 54.7 119.2 110.3 

AM 588 6.6 4.4 
DIFFERENCES OFF 932 1.3 3.3 

PM 1302 5.2 8.9 
AM 2 2 2 

HAS/DAY OFF 6 6 6 
PM 2 2 2 
AM 1176 13.2 8.8 

DAILY OFF 5592 7.8 19.8 
PM 2604 10.4 17.8 

TOTAL 9372 31.4 46.4 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $39,362 $94,200 $13,920 

. 
PROJECT COST: $59,306 TOTAL ANNUAL SAVINGS: $147,482 

BENIFIT/COST RATIO: 2.49 

Brownsville, Texas Palm Boulevard 
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Bell 

The City of Denton Department of Public Works and Transportation worked on the 
following project. A total of seven signalized intersections and two mid-block pedestrian 
signals were included in this traffic signal network at spacing that varied between 460 feet 
and· 1,660 feet. Prior to this study, the signals were not coordinated and congestion was 
most pronounced during the morning, evening, and noon peak periods. Apart from the 
morning and evening peak periods, the project area exhibits a traffic characteristic indicative 
of a noon peak period. The attached figure shows the project network system, cross streets, 
and link distances. 

The signals in this system were controlled by eight new signal controllers. Each 
controller was installed with internal time base coordination (TBC) capabilities. The 
intersections were controlled by a mixture of pretimed, semi-actuated, and fully actuated 
controllers. The intersections at South Pedestrian crossing and North pedestrian crossing 
were equipped with pedestrian controls. Other intersections did not have pedestrian 
controls. The intersections had between two and three signal phases. The signal phasing 
at McKinney and at Mingo was revised. 

In order to evaluate the system performance, the "before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. The average daily traffic on this network was between 9,000 and 
22,613 vehicles. Optimum cycle lengths were determined using PASSER 11-87 for the "after" 
conditions for each of the morning, afternoon, evening, and off-peak periods. The new cycle 
lengths used for the AM, Noon, PM, and Off peak periods were 80, 80, 90 and 70 seconds 
long, respectively. 

Based on PASSER 11-87 simulation, the project resulted in an estimated $2,340,000 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 17,574,600 stops (a 37.2 percent 
reduction), a total annual fuel savings of 243,480 gallons (a 26.9 percent reduction), and a 
delay annual savings of 185,040 veh-hrs (a 50.2 percent reduction). Travel times were 
significantly reduced for northbound and southbound traffic on the arterial system. 
Progression was increased for both the northbound and southbound traffic. Minimal 
difficulties were experienced with the operation of the PASSER 11-87. The city's liability 
risk exposure was minimized for the southbound through traffic at Mingo by the installation 
of signals at this intersection. The total cost of the project was $57,143 and the resultant 
benefit to cost ratio was 41 to 1. 

Denton, Texas Bell 
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STOPS TOTAL SYSTEM FUEL (gals} 
DELAY (veh-hrs} 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 13494 9207 108.2 63 256 196.5 
HOURLY OFF 8548 5586 46.3 30 158.9 130.9 
VALUES NOON 10777 7608 70.7 49.7 200.6 166.8 

PM 20381 10394 249.9 72.9 416.2 215.7 
AM 4287 45.2 59.5 

DIFFERENCES OFF 2962 16.3 28 
NOON 3169 21 33.8 

PM 9987 177 200.5 
AM 2 2 2 

HRS/DAY OFF 8 8 8 
NOON 2 2 2 

PM 2 2 2 
AM 8574 90.4 119 

DAILY OFF 23696 130.4 224 
TOTALS NOON 6338 42 67.6 

PM 19974 354 401 
TOTAL 58582 616.8 811.6 

UNIT VALUES $0.014 $10.00 $1.00 

~ 

ANNUAL SAVINGS $246,044 $1,850,400 $243,480 

PROJECT COST: $57,143 TOTAL ANNUAL SAVINGS: $2,339,924 

BENIFIT/COST RATIO: 40.95 

Denton, Texas Bell 
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Galveston System 

Galveston's Engineering Department in conjunction with Traffic Engineers, Inc. 
worked on the following project. The system consisted of three sub-systems with 30 
intersections. While, the Post Industrial sub-system is a relatively high speed system 
exhibiting a large directional split, the East Market Street sub-system is influenced by the 
activities of the University of Texas. Travel patterns in the Downtown Grid sub-system are 
typical of the low speed CBD areas. The attached map displays the project network system, 
sub-systems, cross streets, and link distances. 

Prior to the implementation of the improvements, controllers at only four of the 
intersections were capable of time based coordination. The remaining controllers were a 
mixture of electromechanical and solid state controllers. Three of the intersections bad loop 
detectors and the remaining were operating in a pretimed mode. As part of improvements, 
existing controllers not capable of time-based coordination were replaced with controllers 
having this feature. Most of the controllers were operating using two to three phases. 
Except for five, the rest of the intersections were equipped with pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, travel times, and delays collected on a the study periods. The test 
car method was used to collect link travel times, stopped delay, and running speeds. 

While PASSER II was used to model the Port Industrial sub-system, TRANSYT-7F 
was employed to model the other two sub-systems. The objective was to obtain appropriate 
offsets to provide progression to the traffic in these sub-systems. While a progression band 
of about 40 seconds could be obtained for the peak periods in the peak directions in the 
Port Industrial sub-system, a band of about 20 seconds was obtained for the off-peak 
periods. For the East Market Street sub-system, a progression band of about 15 to 25 
seconds was obtained for the peak periods. In the Downtown Grid sub-system, a variety of 
the vehicle mix was obtained. This results in very low vehicle speeds. Three streets were 
identified as major routes, and progression was provided along those routes. 

Implementing the new signal timings resulted in a total annual savings of about 
$584,924 to the motorists traversing the system. The number of stops decreased by about 
2 million (a decrease of 3.8 percent), the delay decreased by about 50,910 veh-hrs (a 
~ecrease of 15 percent), and the fuel consumption decreased by about 46,740 gallons (a 
~cre~e of about 5.5 percent) in a year. There was a significant decrease in the travel 
nes m the three sub-systems. While the decrease in travel times ranged 20 to 30 percent 
1r the two arterial sub-systems the decrease in travel for the CBD was between 10 to 50 
~rcent. The system had a cost of $181,688 with a benefit to cost ratio of about 3 to 1. 

alveston, Texas Galveston System 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 17399 17664 149 96.8 288 252.5 
HOURLY OFF 16183 15550 86 89.1 248 249.3 

VALUES PM 19541 18086 108 102.4 307 293.7 
AM -265 52.2 35.5 

DIFFERENCES OFF 633 -3.1 -1.3 
PM 1455 5.6 13.3 
AM 3 3 3 

HRS/DAY OFF 3 3 3 
PM 4 4 4 
AM -795 156.6 106.5 

DAILY OFF 1899 -9.3 -3.9 
PM 5820 22.4 53.2 

TOTAL 6924 169.7 155.8 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $29,081 $509,100 $46,740 

PROJECT COST: $181,688 TOTAL ANNUAL SAVINGS: $584,921 

BENIFIT/COST RATIO: 3.22 

Galveston, Texas Galveston System 
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Central Area System 

The Garland Transportation Department, along with Barton-Aschman, Inc., worked 
on the following project. The study network consisted of ten arterials and constituted 45 
intersections. Two of these intersections are currently unsignalized with plans to be 
signalized in the near future. Ten of the intersections are isolated from the other 
intersections in the before study. A total of six systems operate within the Garland Central 
Area. The attached map displays the project network system and the link distances. 

Twelve of the 45 intersections are completely actuated. The remaining intersections 
are pretimed. While two of the intersections have eight phases, the remaining have between 
two and four phases. All except ten intersections have pedestrian controls. Thirty. one new 
ASC-8000 traffic signal controllers were purchased under this program and replaced the 
existing controllers. 

In order to evaluate the system performance, traffic conditions were monitored and 
·various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Test car method wa.S 
used to collect link travel times, average number of stops, and the stop locations. 

TRANSYT-7F and PASSER IT simulation models were employed to optimize the 
signal timings. The fine tuned timings were then simulated by TRANSYT-7F for the "After" 
condition analysis. Implementing the new signal timings resulted in a total annual savings 
of about 1.6 million dollars to the motorists using this network. While the number of stops 
decreased by about 10.7 million (a decrease of about 9.6 percent), there were about 112,954 
fewer hours of delay (a reduction of 11.8 percent), and fuel savings of about 346,292 gallons 
(a reduction of about 10.4 percent) in a year. It was observed that progression improved 
the traffic flow on all arterials. There was a significant improvement in the travel times in 
the system. The total cost of the project was $330,000 and the benefit to cost ratio was 5 
to 1. 

Garland, Texas Central Area System 
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STOPS TOTAL SYSTEM FUEL (gals) 

DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 45851 41715 501.19 391.26 1410.07 1247.75 
HOURLY OFF 25801 23673 188.47 176.23 759.21 684.41 
VALUES PM 54539 46757 584.97 484.769 1603.62 1416.03 

AM 4136 109.93 162.32 
DIFFERENCES OFF 2128 12.24 74.8 

PM n82 100.201 187.59 
AM 1 1 1 

HRS/DAY OFF 9.5 9.5 9.5 
PM 1.5 1.5 1.5 
AM 4136 109.93 162.32 

DAILY OFF 20216 116.28 710.6 
PM 11673 150.30 281.38 

TOTAL 36025 376.51 1154.31 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $151,305 $1,129,535 $346,292 

PROJECT COST: $330,580 TOTAL ANNUAL SAVINGS: $1,627,131 

BENIFIT/COST RATIO: 4.92 

Garland, Texas Central Area System 
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North Area System 

The Garland Transportation Department along with Kimley-Hom worked on the 
following project. A total of three groups of intersections were operating within the North 
Garland Area. The attached map displays the project network system. 

Four intersections on Buckingham Road had 3-dial electromechanical pretimed 
controllers. Two groups of three intersections had systems that used time-based 
coordination. Except one, all of them had solid-state pretimed controllers. Fifteen 
intersections which had earlier been a part of a close loop system, were operating in isolated 
mode. They were being operated by a mixture of controllers. Seven intersections signalized 
either shortly before or during the TLS project were a part of a new close loop systems. All 
other intersections in the project had either solid state pretimed controllers or non-NEMA 
actuated controllers, and operated in isolated mode. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Test car method was 
used to collect link travel times, average number of stops, and the stop locations. Providing 
two-way progression to the three main arterials in the system was considered to be feasible. 

·o· 

·. PASSER II model was employed to optimize the signal timings. A cycle length of 
about 120 and 128 seconds for the AM and PM peaks, respectively, and about 90 seconds 
for the Noon and the Off peaks were selected. Such cycle lengths allowed the coordination 
of the signals in that system with the signals in the city of Richardson. A number of 
priorities had to be considered to provide progression in the north-south direction as well 
as in the east-west direction. 

Implementing the new signal timings resulted in a total annual savings of about 3.8 
million dollars to the motorists using this network. While the number of stops decreased 
by about 6.35 million (a decrease of about 18.7 percent), there were about 235,000 fewer 
hours of delay (a reduction of 7.6 percent), and fuel savings of about 555,700 gallons (a 
reduction of about 7.7 percent) in a year. There was a significant improvement in the travel 
times in the system. The travel times reduced in a range of about 15 to 25 percent. The 
new close loop system provides the traffic information that can be very useful to update the 
signal timings in the future. The total cost of the project was $698,000 and the benefit to 
cost ratio was 5 to 1. 

Garland, Texas North Area System 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 144854 118219 1439 1249 3608 3291 
HOURLY OFF 69994 53m 433 410 1655 1524 
VALUES NOON 87492 67221 542 513 2069 1905 

PM 157548 139153 2095 1979 2095 1979 
AM 26635 190 317 

DIFFERENCES OFF 16217 23 131 
NOON 20271 29 164 

PM 18395 116 116 
AM 2 2 2 

HAS/DAY OFF 5 5 5 
NOON 2 2 2 

PM 2 2 2 
AM 53270 380 634 

DAILY. OFF 81085 115 655 
NOON 40542 58 328 

PM 36790 232 232 
TOTAL 211687 785 1849 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $889,085 $2,355,000 $554,700 

PROJECT COST: $698,000 TOTAL ANNUAL SAVINGS: $3,798,785 

BENIFIT/COST RATIO: 5.44 

Garland, Texas North Area System 
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South Sub-network System 

The Garland Transportation Department along with DeShazo, Starek & Tang, Inc. 
worked on the following project. The study network constituted 24 intersections and three 
highway interchanges on six arterial streets. A total of four systems operated within the 
project area. The attached map displays the project network system and the link distances. 

The modifications to the system were done in three phases. The first step evaluated 
potential coordination between traffic signals. The platoon dispersion model in TRANSYT 
7-F was used to determine the intersections that would benefit from interconnections and 
coordination. The second phase confirmed the coordination choices. A number of 
combinations of coordination signal systems were evaluated on a number of arterials by 
using PASSER II. The results from PASSER II were coordinated with the diamond 
interchanges by using PASSER ill to back check the feasibility of using PASSER II at each 
diamond. Based on results of the two phases, five signal systems were identified. The final 
step consisted of developing the actual implemented signal timings. TRANSYT-7F, 
PASSER II, and PASSER m were used to develop the timings. 

No field studies were conducted for this evaluation. The City of Garland is awaiting 
installation of the necessary signal equipment to implement the recommended traffic signal 
timings. The estimated benefits were computed by simulating the modifications in 
TRANSYT-7F, PASSER II, and PASSER III. Implementing the new signal timings would 
result in a total annual savings of about 8.15 million dollars to the motorists using this 
network. While the number of stops would decrease by about 2.8 million (a decrease of 
about 2. 7 percent), there would be about 0. 7 million fewer hours of delay (a reduction of 
40 percent), and a fuel savings of about 0.98 million gallons (a reduction of about 19.6 
percent) in a year. The total cost of the project would be $500,000 with a benefit to cost 
ratio of 16 to 1. 

Garland, Texas South Sub-network System 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 40793 38931 716.4 382;9 1910 1460 
HOURLY OFF 161n 15853 202.3 93.8 842 762 

VALUES PM 51702 50729 1075.3 761.5 2376 1744 
AM 1862 333.5 450 

DIFFERENCES OFF 324 108.5 80 
PM 973 313.8 632 

AM 2.5 2.5 2.5 
HAS/DAY OFF 7 7 7 

PM 2.5 2.5 2.5 

AM 4655 833.75 1125 
DAILY OFF 2268 759.5 560 

PM 2433 784.5 1580 
TOTAL 9356 23n.75 3265 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $39,293 $7,133,250 $979,500 

PROJECT COST: $500,000 TOTAL ANNUAL SAVINGS: $8,152,043 

BENIFIT/COST RATIO: 16.30 

Garland, Texas South Sub-network System 
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Great Southwest Parkway (GSP) 

The Grand. Prairie Transportation Services along with TxDOT and TTI worked on 
the following project. This project analyzes Grand Southwest Parkway (GSP) which is the 
only arterial in the 1LS study running in the north-south direction. The attached map 
displays the project network system, cross streets, and link distances. 

The GSP serves the southern portion of the city's large light-industrial area, 
commercial area close to the intersection with SH-303, the city's Municipal Airport, and the 
residential areas along the southern extension. The diverse land use along the arterial 
results in a wide mix of traffic. This wide mix of traffic affects the fuel consumption 
calculations. 

Due to the diverse land use no definite "noon-peak" could be ascertained from the 
24-hour tube counts. Hence, it was decided to analyze an "off-peak" period and compare 
the fuel consumption of fixed time pattern with fully actuated conditions. A 1200 feet 
school crossing zone was influencing the speeds along the arterial for a few hours each day. 
Hence, the system timing patterns had to be modified. All the signals on Great Southwest 
Parkway are fully actuated and are controlled by eight phase NEMA signal controllers. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, travel times, and delays. Twenty four counts were made at the 
intersections. Hourly volumes were later collected for the study periods. Test car method 
was used to collect link travel times, stopped delay, and running speeds. 

PASSER II simulation model was employed to optimize the phase splits and estimate 
delays. Implementing the new signal timings resulted in a total annual savings of about 1.1 
million dollars to the motorists using this route. The number of stops decreased by about 
2.23 million (a decrease of 8.4 percent), the delay decreased by about 99,000 veh-hrs (a 
decrease of 15.4 percent), and the fuel consumption decreased by about 85,800 gallons (a 
decrease of about 6 percent) in a year. The average travel times decreased by about 26 
percent. The total cost of the project was about $119,000 with a benefit to cost ratio of 
about 9 to 1. 

Grand Prairie, Texas Great Southwest Parkway 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 15237 12275 247 118 667 453 
HOURLY OFF 4656 4143 135 31 252 239 
VALUES PM 15on 15975 285 665 693 816 

AM 2962 129 214 
DIFFERENCES OFF 513 104 13 

PM -898 -380 -123 
AM 2 2 2 

HRS/DAY OFF . 8 8 8 
PM 2 2 2 
AM 5924 258 428 

DAILY OFF 4104 832 104 
PM -1796 -760 -246 

TOTAL 8232 330 286 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $34,574 $990,000 $85,800 

PROJECT COST: $119,583 TOTAL ANNUAL SAVINGS: $1,110,374 

BENIFIT/COST RATIO: 9.29 

Grand Prairie, Texas Great Southwest Parkway 
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Main/Jefferson Street System 

The Grand Prairie Transportation Services along with TxDOT and TTl worked on 
the following project. This project analyzes Main Street and Jefferson Street which run 
parallel to one another in the east-west direction. The attached map displays the project 
network system, cross streets, and link distances. 

The two roadways serve commercial businesses including shopping centers, 
restaurants, banks, and auto dealerships. The Jefferson Street serves the LTV Corporation 
and the Naval Air Base. Hence, a 70/30 directional split is observed during the peak 
periods. While the speed limit on Jefferson is 40 mph throughout, the speed limit changes 
from 35 mph to 45 mph on Main Street. Lack of storage facilities between the two arterials 
on the railway tracks in the western third portion of the project resulted in the selection of 
a different cycle length for that portion. The different speeds on the two parallel arterials 
in a few sections created some problems to provide progression. Thus the Main Street is 
acting as a slave to the needs of Jefferson Street in the eastern two-thirds of the arterial, 
while the splits and the offsets of the Main Street control the operation in the remaining 
portion of the arterial. 

The diverse land use along the arterial results in a wide mix of traffic. This wide mix 
of traffic influences the fuel consumption calculations. Due to the diverse land use, no 
definite "noon-peak" could be ascertained from the 24-hour tube counts. Hence, it was 
decided to analyze an "off-peak" period and compare the fuel consumption of fixed time 
pattern with fully actuated conditions. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, travel times, and delays. Twenty four counts were made at the 
intersections. Hourly volumes were later collected for the study periods. Test car method 
was used to collect link travel times, stopped delay, and running speeds. PASSER IT 
simulation model was employed to optimize the phase splits and estimate delays. 

Grand Prairie, Texas Main/Jefferson Street System 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 55085 40403 777 624 969 1107 
HOURLY OFF 18125 18465 93 1H 180 393 
VALUES PM 61842 53388 725 561 988 1215 

AM 14682 153 -138 
DIFFERENCES OFF -340 -24 -213 

PM 8454 164 -227 
AM 2 2 2 

HRS/DAY OFF 7 7 7 

PM 3 3 3 

AM 29364 306 -276 
- DAILY OFF -2380 -168 -1491 

PM 25362 492 -681 
TOTAL 52346 630 -2448 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $219,853 $1,890,000 ($734,400) 

PROJECT COST: $119,583 TOTAL ANNUAL SAVINGS: $1,375,453 

BENIFIT/COST RATIO: 11.50 

Grand Prairie, Texas Main/Jefferson Street System 
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SH303 

The Grand Prairie Transportation Services along with TxDOT and TTI worked on 
the following project. This project analyzes SH 303 which is the one of the arterials in the 
TLS study running in the east-west direction. The attached map displays the project 
network system, cross streets, and link distances. 

SH 303 originates from the east end of the city, traverses the city, and enters the city 
of Arlington on the west. The land development along SH 303 is generally commercial. 
The arterial is influenced by LTV Corporation which is located at the intersection of SH 303 
and West Freeway. LTV Corporation is the single largest traffic generator along the SH 
303 corridor. The diverse land use along the arterial results in a wide mix of traffic. This 
wide mix of traffic affects the fuel consumption calculations. 

Due to the diverse land use no definite "noon-peak" could be ascertained from the 
24-hour tube counts. Hence, it was decided to analyze an "off-peak" period and compare 
the fuel consumption of fixed time pattern with fully actuated conditions. The intersection 
with Great Southwest Parkway (GSP) was evaluated as an isolated system with green splits 
developed in the GSP project. 

·- In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form ·of traffic volumes, travel times, and delays. Twenty four counts were made at the 
intersections. Hourly volumes were later collected for the study periods. Test car method 
was used to collect link travel times, stopped delay, and running speeds. 

PASSER II simulation model was employed to optimize the phase splits and estimate 
delays. Implementing the new signal timings resulted in a total annual savings of about 22.9 
million dollars to the motorists using this route. The number of stops decreased by about 
11.8 million (a decrease of 29 percent), the delay decreased by about 2.2 million veh-hrs (a 
decrease of 75 percent), and the fuel consumption decreased by about 482,400 gallons (a 
decrease of 31 percent) in a year. The average travel times decreased by about 21 percent. 
The total cost of the project was about $118,000 with a benefit to cost ratio of about 193 to 
1. 

Grand Prairie, Texas SH303 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 17989 12718 1474 270 643 461 
HOURLY OFF 6528 4962 258 49 275 194 
VALUES PM 23433 15188 2405 735 827 529 

AM 5271 1204 182 
DIFFERENCES OFF 1566 209 81 

PM 8245 1670 298 
AM 2 2 2 

HAS/DAY OFF 8 8 8 
PM 2 2 2 
AM 10542 2408 364 

DAILY OFF 12528 1672 648 
PM 16490 3340 596 

TOTAL 39560 7420 1608 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $166,152 $22,260,000 $482,400 

PROJECT COST: $118,538 TOTAL ANNUAL SAVINGS: $22,908,552 

BENIFIT/COST RATIO: 193.26 

Grand Prairie, Texas SH303 
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~o~erce Street 

The City's Planning Department and Traffic Signals Unit were assisted by Traffic 
Engineers, Inc, to work on the following project. Seven intersections covering a distance of 
0.9 miles were included in the project of Commerce Street. The attached map displays the 
project network system, cross streets, and link distances. 

Six hardwire interconnected intersections and one traffic actuated intersection 
constitute the Commerce Street project. The system had better coordination going south 
than going north. Hence, timings needed to be developed to maximize efficiency in both 
directions. Two east-west arterials having perfect progression were the limiting factors to 
obtain good progression along Commerce Street. One of the controllers in the system 
needed to be replaced. The remaining six intersections were using two-dial Kentron 
electromechanical units. A new solid state time base coordinator replaced the old time 
clock. This facilitated in providing three different timing plans. The intersections were 
using two to three phases. None of the intersections had pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. The highest fifteen 
minute volumes were multiplied by four to provide the input volumes for PASSER II. The 
test car method was used to collect link travel times, average number of stops, and the stop 
locations. 

PASSER II-87 simulation model was employed to optimize the phase splits and 
estimate delays. Minor fine tuning of the splits and offsets was done to improve the 
progression along Commerce Street. Implementing the new signal timings resulted in a total 
annual savings of about $225,000 to the motorists using this route. The number of stops 
decreased by about 1.99 million (a decrease of about 7.4 percent), there were about 19,380 
fewer hours of delay (a reduction of 10.6 percent), and there was a marginal fuel savings of 
about 2,960 gallons (a reduction of under 1 percent) in a year. The average travel times 
decreased by as much as 25 percent on some routes in certain periods. The total cost of the 
project was $14,363 with a benefit to cost ratio of 16 to 1. 

Harlingen, Texas Commerce Street 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM n64 7476 52.7 51.8 91.6 91 
HOURLY OFF 8238 7924 50.4 49.9 97 97 
VALUES PM 12671 10572 100.4 70.5 136.7 132.4 

AM 288 0.9 0.6 
DIFFERENCES OFF 314 0.5 0 

PM 2099 29.9 4.3 
AM 6 2 2 

HRS/DAY OFF 2 6 6 ... 
PM 2 2 2 
AM 1728 1.8 1.2 

DAILY OFF 628 3 0 
PM 4198 59.8 8.6 

TOTAL 6554 64.6 9.8 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $27,527 $193,800 $2,940 

PROJECT COST: $14,363 TOTAL ANNUAL SAVINGS: $224,267 

BENIFIT/COST RATIO: 15.61 

Harlingen, Texas Commerce Street 



Traffic Light Synchronization I Page F-67 

! 
I 

,.J 
~ 

I 
(I) N 
"0 

~ I.IADCSON AVE. ~~ 

j 
JAa<SOH AVE. 

VAH BUREN AVE. --7 

AVE. ~ 

Tn.ER A'VE. 

LEGEND 
• Signal System (hard wire interconect) 

A Signal System {Time bose Coordination) 

Harlingen, Texas Commerce Street 



Traffic Light Synchronization I . Page F-68 

First Street 

The City's Planning Department and Traffic Signals Unit were assisted by Traffic 
Engineers, Inc, to work on the following project. Four intersections covering a distance of 
0.2 miles were included in the project of First Street. The attached map displays the project 
network system, cross streets, and link distances. 

Four hardwire interconnected intersections constitute the First Street project. The 
close spacing between the intersections made the achievement of progression in both 
directions very difficult. Hence, progression was provided in the direction of heavy traffic. 
First Street is a part of a large synchronized system which has a few major arterials having 
perfect progression. Hence, some limitations exist to provide progression along First Street. 
The four intersections were using two-dial Kentron electromechanical units. A new solid 
state time base coordinator replaced the old time clock. This facilitated in providing three 
different timing plans. All of the intersections were using two phases and had pedestrian 
controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. The highest fifteen 
minute volumes were multiplied by four to provide the input volumes for PASSER IT. The 
test car method was used to collect link travel times, average number of stops, and the stop 
locations. 

PASSER ll-87 simulation model was employed to optimize the phase splits and 
estimate delays. Minor fine tuning of the splits and offsets was done to improve the 
progression. Implementing the new signal timings resulted in a total annual savings of about 
$15,264 to the motorists using this route. The number of stops marginally decreased by 
about 48,000 (a decrease of about 0.5 percent), there were about 1,380 fewer hours of delay 
(a reduction of 2.8 percent), and there was a marginal fuel savings of about 792 gallons (a 
reduction of under 1 percent) in a year. The average travel times decreased by as much as 
25 percent on some routes in certain periods. The total cost of the project was $4,221 with 
a benefit to cost ratio of 4 to 1. 

Harlingen, Texas First Street 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 2055 2040 9 .9 23.5 23.5 
HOURLY OFF 3640 3635 20.9 20.3 34.1 33.8 
VALUES PM 2132 2082 10.1 9.6 24.62 24.2 

AM 15 0 0 
DIFFERENCES OFF 5 0.6 0.3 

PM 50 0.5 0.42 
AM 2 2 2 

HRS/DAY OFF 6 6 6 
PM 2 2 2 
AM 30 0 0 

DAILY OFF 30 3.6 1.8 
PM 100 1 0.84 

TOTAL 160 4.6 2.64 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $672 $13,800 $792 

PROJECT COST: $4,221 TOTAL ANNUAL SAVINGS: $15,264 

BENIFIT/COST RATIO: 3.62 

Harlingen, Texas First Street 
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Loop 448 

The City's Planning Department and Traffic Signals Unit were assisted by Traffic 
Engineers, Inc, to work on the following project. Five intersections covering a distance of 
1.44 miles were included in the project of Loop 448. The attached map displays the project 
network syste~ cross streets, and link distances. 

Four pre-timed isolated intersections with time based coordinators and an 
intersection with hard wire interconnect constitute the Loop 448 project. Although distances 
between intersections were fairly long, prevailing speeds of over 40 mph make travel times 
suitable for coordination. Protected-permissive phasing was being used at four of the five 
intersections. The intersections were using between four to six phases. All the intersections 
except First Street had pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. The highest fifteen 
minute volumes were multiplied by four to provide the input volumes for PASSER II. The 
test car method was used to collect link travel times, average number of stops, and the stop 
locations. 

PASSER 11-87 simulation model was employed to optimize the phase splits and 
estimate delays. The optimum cycle length to operate was between 60 and 80 seconds. 
Cycle lengths of 70 and 80 seconds were developed for implementation. Minor fine tuning 
of the splits and offsets was done to improve the progression along Loop 448. Implementing 
the. new signal timings resulted in a total annual savings of about $401,000 to the motorists 
using this route. The number of stops decreased by about 1.7 million (a decrease of about 
9.9 percent), there were about 37,600 fewer hours of delay (a reduction of 27 percent), and 
there was a marginal fuel savings of about 240 gallons (a reduction of under 1 percent) in 
a year. The average travel times decreased by as much as 27 percent on some routes in 
certain periods. The total cost of the project was $5,166 with a benefit to cost ratio of 78 
to 1. 

Harlingen, Texas Loop 448 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 7334 0127 59.2 47.6 182.1 182 
HOURLY OFF 4987 4265 38.8 25 129 129 
VALUES PM 6927 0198 56.3 46.5 176.3 176 

AM 607 11.6 0.1 
DIFFERENCES OFF 722 13.8 0 

PM 129 9.8 0.3 
AM 2 2 2 

HAS/DAY OFF 6 6 6 
PM 2 2 2 
AM 1214 23.2 0.2 

DAILY OFF 4332 82.8 0 
PM 258 19.6 0.6 

TOTAL 5804 125.6 0.8 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $24,3n $376,800 $240 

PROJECT COST: $5,166 TOTAL ANNUAL SAVINGS: $401,417 

BENIFIT/COST RATIO: n.1o 

Harlingen, Texas Loop 448 
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High Street 

The City of Longview Department of Public Works and Transportation worked on 
the following project. A total of eleven (11) intersections were included in this traffic signal 
network at spacing that varied between 420 feet and 3,120 feet. Prior to this study, nine 
intersections were operating as isolated intersections. The attached figure shows the project 
network system, cross streets, and link distances. 

All the existing controllers were replaced by solid state eight phase NEMA 
controllers with time based coordination capabilities. The intersections at Edwin/High and 
Spur 63 /Cotton were operated with actuated controllers. All other intersections were 
operated by pretimed controllers. The intersections had between four and eight signal 
phases and were not equipped with pedestrian controls. 

In order to evaluate the system performance, the ''before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER II-87 for 
the "after" conditions for each of the morning, evening, and off-peak periods. The primary 
concern in selecting the optimum cycle length was fuel consumption. Minor adjustments 
were made to offsets and splits. In order to increase the bandwidth to a reasonable duration 
on High Street, the intersections of FM 1845 at Estes and Spur 63 at Cotton were removed 
from the system. Timings for these two intersections were optimized as isolated operations, 
and the results were included in the benefit analysis. Removal of the two intersections from 
the system resulted in an overall decrease in fuel consumption for the arterial. Very little 
fine-tuning was required after optimized timings were implemented in the field. 

Based on PASSER II-87 simulation, the project resulted in an estimated $634,000 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 2,922,000 stops (a 9.9 percent 
reduction), a total annual fuel savings of 87,960 gallons (an 11.6 percent reduction), and a 
delay annual savings of 50,520 veh-hrs (a 24.9 percent reduction). Travel times were 
reduced by an average of 56 percent along this Street. Future improvements can be 
achieved by the installation of pedestrian push buttons, vehicle loop detectors, and traffic 
. signal communication cable at all locations. It was estimated that these improvements 
would provide an additional 15 percent reduction in vehicular delay and fuel consumption. 
The total cost of the project was $86,590 and the resultant benefit to cost ratio was 7 to 1. 

Longview, Texas High Street 
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. -· 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 9724 9215 67.4 51.3 236.5 208.9 
HOURLY OFF 8997 7981 60.6 44.9 238.2 211.7 
VALUES PM 12627 11314 89.5 68.5 311.5 272 

AM 509 16.1 27.6 

DIFFERENCES OFF 1016 15.7 26.5 
PM 1313 21 39.5 
AM 2 2 2 

HAS/DAY OFF 6 6 6 
PM 2 2 2 
AM 1018 32.2 55.2 - . 

DAILY OFF 6096 94.2 159 
--- PM 2626 42 79 

.. -. .. -- TOTAL 9740 168.4 293.2 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $40,908 $505,200 $87,960 

PROJECT COST: $86,590 TOTAL ANNUAL SAVINGS: $634,068 

BEN I FIT/COST RATIO: 7.32 

Longview, Texas High Street 
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Judson Road 

The City of Longview Department of Public Works and Transportation worked on 
the following project. A total of four ( 4) intersections were included in this traffic signal 
network at spacing that varied between 1,500 feet and 2,900 feet. Prior to this study, all 
intersections were operating as isolated intersections. The attached figure shows the project 
network system, cross streets, and link distances. 

All the existing controllers were replaced by solid state eight phase NEMA 
controllers with time based coordination (TBC) capabilities. The intersection at 
Tupelo/Hurst was operated with a pretimed controller. The other three intersections were 
operated by actuated controllers. The intersections had between four and eight signal 
phases and were not equipped with pedestrian controls. 

In order to evaluate the system performance, the "before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 

· times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER II-87 for 
the "after" conditions for each of the morning, evening, and off-peak periods. Timing 
optimization was accomplished by selecting minimum phase splits for pedestrian 
accommodation using the same traffic volumes that were used in the ''before" conditions, 
and varying the cycle length to come up with the best progression for the respective peak 
periods. The primary concern in selecting the optimum cycle length was fuel consumption. 
The computer model was run for each daily peak period utilizing cycle lengths ranging from 
50 to 90 seconds, incremented in 5 second intervals. Minor adjustments were made to 
offsets and splits. Very little fine-tuning was required after optimized timings were 
implemented in the field. 

Based on PASSER ll-87 simulation, the project resulted in an estimated $428,400 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 1,070,400 stops (a 4.7 percent 
reduction) and a delay annual savings of 44,580 veh-hrs (a 26.2 percent reduction). 
However, fuel consumption was increased along Judson Road by 32,400 gallons (a 5.6 
percent increase). This was due to the increase in green time for the cross streets to 
provide for pedestrians; and; subsequently, the main street green was decreased. Travel 
times were reduced by an average of 23 percent along Judson Road. Future improvements 
can be achieved by the installation of pedestrian push buttons, vehicle loop detectors, and 
traffic signal communication cable at all locations. It was estimated that these 
improvements would provide an additional 15 percent reduction in vehicular delay and fuel 
consumption. The total cost of the project was $31,053 and the resultant benefit to cost 
ratio was 14 to 1. 

Longview, ·Texas Judson Road 
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:'.. 

STOPS TOTAL SYSTEM FUEL (gals) 
DEL.A Y (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 7136 6513 51.1 33.9 179.9 189.4 
HOURLY OFF 7406 5795 55.6 32 188.4 191.7 
VALUES PM 8969 10665 74.2 75.1 234.6 256.8 

AM 623 17.2 -9.5 
DIFFERENCES OFF 1611 23.6 -3.3 

PM -1696 -0.9 -22.2 
AM 6 6 6 

HRS/OAY OFF 2 2 2 
PM 2 2 2 
AM 3738 103.2 -57 

DAILY OFF 3222 47.2 -6.6 
PM -3392 -1.8 -44.4 

TOTAL 3568 148.6 -108 
~ 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS 
J 

$14,986 $445,800 ($32,400) 

PROJECT COST: $31,053 TOTAL ANNUAL SAVINGS: $428,386 

BENIFIT/COST RATIO: 13.80 

Longview, Texas Judson Road 
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Mobberly Avenue 

The City of Longview Department of Public Works and Transportation worked on 
the following project. A total of six ( 6) signalized intersections were included in this traffic 
signal network at spacing that varied between 950 feet and 2,850 feet. It begins at Cotton 
Street and extends south to Green street. ·Prior to this study, all intersections were 
operating as isolated intersections. The attached figure shows the project network system, 
cross streets, and link distances. 

All the existing controllers were replaced by solid state eight phase NEMA 
controllers with time based coordination (TBC) capabilities. All of the intersections except 
one were controlled by pretimed controllers. The intersection at Birdsong was controlled 
with an Eagle DP 900 full actuated NEMA controller. The intersections had between four 
and eight signal phases and were not equipped with pedestrian controls. One school zone 
exists at Level and Mobberly to accommodate pedestrian traffic generated from the 
Southward School. 

In order to evaluate the system performance, the "before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
tiril.es, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER ll-87 for 

· the "after" conditions for each of the morning, evening, and off-peak periods. The primary 
concern in selecting the optimum cycle length was fuel consumption. Minor adjustments 
were made to offsets and splits. In order to increase the bandwidth to a reasonable duration 
on Mobberly Avenue, the southbound exclusive left turn phase at Mobberly and Young was 
removed. This resulted in improved safety and traffic operation efficiency. Removal of the 
exclusive left tum phase also resulted in an overall decrease in fuel consumption for the 
arterial. Very little fine-tuning was required after optimized timings were implemented in 
the field. 

Based on PASSER ll-87 simulation, the project resulted in an estimated $77,194 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 1,742,400 stops (a 16.0 percent 
reduction) and a delay annual savings of 13,140 veh-hrs (a 17.1 percent reduction). 
However, fuel consumption was increased along Mobberly Avenue by 78,600 gallons (a 29.6 
percent increase). This increase was attributed to the fact that the signals did not include 
adequate green time on the cross streets to accommodate pedestrian traffic. When the 
optimized timings were developed, the green time for the cross streets was increased to 
provide for pedestrians and subsequently the main street green was decreased. Travel times 
were reduced by an average of 39 percent along this Avenue. The total cost of the project 
was $51,003 and the resultant benefit to cost ratio was 2 to 1. 

Longview, Texas Mobberly Avenue 
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STOPS TOTAL SYS1EM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 3611 2933 25.6 23.3 85.4 113.8 
HOURLY OFF 3389 2838 24.1 19.9 81.9 107.4 
VALUES PM 4394 3821 30.4 23.4 111.3 137.4 

AM 678 2.3 -28.4 
DIFFERENCES OFF 551 4.2 -25.5 

PM 573 7 . -26.1 

AM 2 2 2 
HAS/DAY OFF 6 6 6 

PM 2 2 2 
AM 1356 4.6 -56.8 

DAILY OFF 3306 25.2 -153 
PM 1146 14 -52.2 

TOTAL 5808 43.8 -262 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $24,394 $131,400 ($78,600) 

PROJECT COST: $51,003 TOTAL ANNUAL SAVINGS: $n,194 

BENIFIT/COST RA 110: 1.51 

Longview, Texas Mobberly Avenue 
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Central Business District 

Lubbock Traffic Engineering Department worked with TxDOT and TTl on the 
following project. Thirteen intersections, including three interchanges on four arterials were 
included in this project. The system has three north-south streets and one east-west street. 
The attached map displays the project network system, cross streets, and link distances. 

The arterials under study are in the vicinity of Texas Tech University, which is the 
main traffic generator. Parking is not permitted on the four arterials. The major streets are 
mostly six-lane undivided roadways with continuous two-way left-tum lanes. Most of the 
cross streets have a left tum bay. Congestion was most pronounced during the concentrated 
morning, noon and evening peak periods. During these periods, the traffic entering or 
leaving the university and the downtown area was subjected to excessive delays. While three 
of the thirteen intersections in the network were pre timed, the remaining intersections are 
actuated. Between three and eight phases were being used at the intersections. While four 
of the intersections did not have any pedestrian controls, seven intersections had pedestrian 
controls on one approach. New CALTRANS Type 170 controllers were installed as part 
of the project to provide "time-of-day" time based coordination operation. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays .. Saturation flows 
were estimated by using the method suggested in the TLS PASSER II and PASSER ill 
training manuals. Test car method was used to collect link travel times, average number 
of stops, and stop locations. 

PASSER II simulation model was employed to optimize the offsets and phase splits 
of 82nd Street first, as it was intersecting all the other arterials. Then the timings for the 
other arterials were obtained. Finally, these timings were input into PASSER ill to obtain 
timings for the three diamond interchanges on Loop 289. Some fine tuning of the signal 
timings obtained from PASSER II and PASSER III had to be done in the field. Due to 
construction work on three arterials, the after data for these arterials was obtained by 
extrapolating the results of the fourth arterial (82nd Street). The improvements on 82nd 
Street were reduced to savings per vehicle-mile driven and applied to the remaining 
arterials. The total savings obtained in this manner were $5,668,100. The total cost of the 
project was $106,962 with a benefit to cost ratio of 53 to 1. 

Lubbock, Texas Central Business District 
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Loop 374 

The City's Safety Department and Traffic Signals unit worked with Texas Department 
of Transportation on the following project. This project analyzes the improvements made 
to the signal timings along Loop 374 in the city of McAllen. The attached map displays the 
project system, cross streets, and link distances. 

Loop 374 consists of 15 hardwired interconnected signalized intersections. The close 
spacing between the intersections made the task of providing progression in both directions 
difficult. Hence, progression was favored in the western direction, which has the heaviest 
traffic flow. All 15 existing controllers were replaced with new controllers to facilitate time 
base coordination. Separate timing plans for daytime and nighttime were being used. Two 
of the 15 intersections were pretimed. The rest were semi-actuated. The intersections used 
between four to eight phases. Four of the 15 intersections did not have pedestrian controls. 
A rail track is present parallel to the arterial. All except four of the intersections did not 
have railroad preemption. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
forin of traffic volumes, travel times, and delays. Twenty four hour counts were made at the 
intersections. These counts indicated the existence of a single peak period of eight hours. 
The peak 15 minute volumes were selected and multiplied by 4 to obtain peak hour 
volumes. The test car method was used to collect link travel times, stopped delay, and 
running speeds . 

. PASSER II simulation model was employed to optimize the phase splits, obtain 
offsets, and estimate delays. Minor fine tuning was done to the timing plans to improve 
progression. Implementing the new signal timings resulted in a total annual savings of about 
1.3 million dollars to the motorists using this route. The number of stops decreased by 
about 5.9 million (a decrease of 8.2 percent), the delay decreased by about 104,640 veh-hrs 
(a decrease of 17.8 percent), and the fuel consumption decreased by about 155,040 gallons 
(a decrease of about 12.7 percent) in an year. It was observed that the modified signal 
timings significantly improved the progression along the arterial. The average travel times 
decreased by about 25 percent. The total cost of the project was about $96,500 with a 
benefit to cost ratio of about 13 to 1. 

McAllen, Texas Loop374 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 
HOURLY OFF 30042 27568 244.2 200.6 507.1 442.5 
VALUES PM 

AM 
DIFFERENCES OFF 2474 43.6 64.6 

PM 
AM 

HAS/DAY OFF 8 8 8 
PM 
AM 

DAILY OFF 19792 348.8 516.8 
PM 

TOTAL 19792 348.8 516.8 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $83,126 $1,046,400 $155,040 

PROJECT COST: $96,546 TOTAL ANNUAL SAVINGS: $1,284,566 

BENIFIT/COST RATIO: 13.31 

McAllen, Texas Loop 374 
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Big Spring Street/Garfield Street 

The City's Traffic Signals unit worked with the Texas Department of Transportation 
on the following project. This project analyzed the modifications made to the signal timings 
along Big Spring St. and Garfield St. in the city of Midland. The attached map displays the 
project system, cross streets, and link distances. Six intersections along Big Spring and eight 
intersections along Garfield St. were analyzed in this project. The implementation of timing 
plans required the replacement of cabinets with 12 channel NEMA type load facilities. Re­
cabling was required on several intersections. All of the intersections along Big Spring St 
are actuated. The controllers were using between four and eight phases. None of the 
intersections had any pedestrian controls. All of the intersections along Garfield St. were 
actuated. The controllers were using between three and eight phases. Only two of the 
intersections had pedestrian controls. Based on the PASSER II simulation runs, phasing 
modifications were made at a number of intersections. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, travel times, and delays. Saturation flow rates and lost times were 
computed using the assistant key in PASSER II. Twenty four hour counts were made at the 
intersections. The test car method was used to collect link travel times, stopped delay, and 
running speeds. 

PASSER II simulation model was employed to optimize the phase splits, obtain 
offsets, and estimate delays. Minor fine tuning was done to the timing plans to improve 
progression. Implementing the new signal timings resulted in a total annual savings of about 
2.28 million dollars to the motorists using this route. The number of stops decreased by 
about 101,897 (a decrease of 10.3 percent), the delay decreased by about 0.9 million veh-hrs 
(a decrease of 25.5 percent), and the fuel consumption decreased by about 242,742 gallons 
(a decrease of about 11.1 percent) in an year. It was observed that the modified signal 
timings significantly improved the traffic operation along the two arterials. The total cost 
of the project was about $68,615 with a benefit to cost ratio of about 33 to 1. 

Midland, Texas Big Spring St./Garfield St. 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER· BEFORE AFTER 

AM 20313 18193 229.47 172.74 601.63 531.25 
HOURLY OFF 11877 10158 110.88 80.1 366.31 324.8 
VALUES PM 20055 19002 240.39 182.36 644.3 577.24 

AM 2120 56.73 70.38 
DIFFERENCES OFF 1719 30.78 41.51 

PM 1053 58.03 67.06 
AM 3.5 3.5 3.5 

HAS/DAY OFF 7.5 7.5 7.5 
PM 3.75 3.75 3.75 
AM 7420 198.55 246.33 

DAILY OFF 12893 230.85 311.32 
PM 3949 217.61 251.47 

TOTAL 24261 647.02 809.13 
.. -

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $101,897 $1,941,052 $242,739 

PROJECT COST: $68,615 TOTAL ANNUAL SAVINGS: $2,285,689 

BENIFIT/COST RATIO: 33.31 

Midland, Texas Big Spring St./Garfield St. 
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Midkiff Road/ Andrews Highway 

The City's Traffic Signals unit worked with the Texas Department of Transportation 
on the following project. This project analyzed the modifications made to the signal timings 
along Midkiff Rd. and Andrews Hwy. in the city of Midland. The attached map displays the 
project system, cross streets, and link distances. 

Ten intersections along Midkiff Rd. and 12 intersections along Andrews Hwy. were 
analyzed in this project. The implementation of timing plans required the replacement of 
cabinets with 12 channel NEMA type load facilities. Re-cabling was required on several 
intersections. All of the intersections along Midkiff Rd. were actuated. The controllers 
were using between six and eight phases. None of the intersections had any pedestrian 
controls. All of the intersections along Andrews Hwy. were actuated. The controllers were 
using between three and eight phases. Only one of the intersections had pedestrian controls. 
Based on the PASSER IT simulation runs, phasing modifications were made at a number 
of intersections. 

In order to evaluate the system performance, traffic conditions were monitored and 
· various data were collected before implementation of any changes. This data was in the 

form of traffic volumes, travel times, and delays. Saturation flow rates and lost times were 
· computed using the assistant key in PASSER II. Twenty four hour counts were made at the 
intersections. The test car method was used to collect link travel times, stopped delay, and 
running speeds. 

PASSER II simulation model was employed to optimize the phase splits, obtain 
offsets, and estimate delays. Minor fine tuning was done to the timing plans to improve 
progression. Implementing the new signal timings resulted in a total annual savings of about 
14.46 million dollars to the motorists using this route. The number of stops decreased by 
about 38.2 million (a decrease of 17.3 percent), the delay decreased by about 1.2 million 
veh-hrs (a decrease of 40 percent), and the fuel consumption decreased by about 1.7 million 
gallons (a decrease of about 29 percent) in a year. It was observed that the modified signal 
timings significantly improved the traffic operation along the two arterials. The total cost 
of the project was about $89,230 with a benefit to cost ratio of about 162 to 1. 

Midland, Texas Midkiff Rd./Andrews Hwy. 
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--.. ----

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 57448 42965 1069.78 441.37 1735.31 994.85 
HOURLY OFF 36637 31126 326.06 250.79 916.16 788.9 
VALUES PM 68695 59244 1017.28 673.41 1941.44 1318.06 

AM 14483 628.41 740.46 
DIFFERENCES OFF 5511 75.27 127.26 

PM 9451 343.87 623.38 
AM 3.5 3.5 3.5 

· · HRS/DAY OFF 7.5 7.5 7.5 
PM 3.75 3.75 3.75 
AM 50691 2199.44 2591.61 .. 

DAILY OFF 41333 564.53 954.45 
PM 35441 1289.51 2337.68 

TOTAL 127464 4053.47 5883.74 

. UNITVALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $535,350 $12,160,418 $1,765,121 

PROJECT COST: $89,231 TOTAL ANNUAL SAVINGS: $14,460,888 

BENIFIT/COST RATIO: 162.06 

Midland, Texas Midkiff Rd./Andrews Hwy. 
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Central Business District 

The City of Odessa staff worked on the following Odessa Project. The city has a 
total of 173 signalized intersections, of which 89 are in the CBD. These signals were 
installed 40 years ago and were coordinated with a "hard wire" interconnect cable. The 
controllers are coordinated by time-base. 

A total of five intersecting arterials consisting of 39 signals were included in the 81
h 

Street Network System. 23 of these intersections already have time-base coordination but 
were coordinated via the old hardware interconnect system. The attached map displays the 
project network system and cross streets. As a result of the computer simulation runs, the 
City of Odessa recommended and installed new, state-of-the-art, time-base 
controller\ coordination equipment. 17 of the 39 signals received this hardware, and five of 
these 17 received new controller cabinets. 

In order to evaluate the system's performance, the "before" TlS traffic conditions 
were monitored and various field data were collected. The data included traffic volumes, 
saturation flow rates, travel times, travel delays, and an operating cost study. Upon selection 
of optimum timing plans, proposed green time for each intersection was evaluated with 
respect to delay time. Overall, the city benefitted because it reduced the number of stops, 

- number of delays, and the fuel consumed. The TlS program has helped the City of Odessa 
- unify its signal system and save fuel for its citizens through an overall reduction in delay. 

Odessa's changes were apparent since there overall system had not been improved in 40 
years. 

Based on the TRANSYT-7F simulation, the project had an estimated total annual 
cost savings of $6,071,120. This operating cost savings included a total annual savings of 
31,844,286 stops (a 24.6 percent reduction), a total annual fuel savings of 57,300 gallons (a 
2.4 percent reduction), and a total annual delay savings of 556,800 veh-hrs (a 31.6 percent 
reduction). The city continues to fine tune and recommend new hardware for the system 
as the need arises. Before this time, the city of Odessa never had a base to improve their 
signals. Now that they do, their improvements have extended to other signal system inside 
and outside the CBD. The total cost of the project was $59,027 and the resultant benefit 
to cost ratio was 103 to 1. 

Odessa, Texas Central Business District 
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STOPS TOTAL SYSTEM FUEL (gals) 
DEU\ Y (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 26658 19795 358 182 493 435 
HOURLY OFF 37564 30373 605 1065 762 1207 
VALUES PM 34827 28521 443 503 621 768 

AM 6863 176 58 
DIFFERENCES OFF 7191 -460 -445 

PM 6306 -60 -147 
AM 13.5 13.5 13.5 

HRSIOAY OFF 1 1 1 
PM 1 1" 1 
AM 92651 2376 783 

DAILY OFF 7191 -460 -445 

PM 6306 -60 -147 
TOTAL - 106148 1856 191 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $445,820 $5,568,000 $57,300 

PROJECT COST: $59,027 TOTAL ANNUAL SAVINGS: $6,071,120 

BENIFIT/COST RATIO: 102.85 

Odessa, Texas Central Business District 
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Memorial Dr./Gulfway Dr. 

The Traffic and Engineering Staff of the City of Port Arthur worked with Traffic 
Engineers, Inc. on the following project. The project analyzes Memorial Dr. and Gulfway 
Dr., running in the north-south and east,-west direction, respectively, in the Port Arthur area. 

· Gulfway Dr. connects the refineries in the area and carries very heavy traffic in the peak 
periods. The attached map displays the project network system and cross streets. 

The project evaluated eight intersections along Memorial Dr. and 15 intersections 
along Gulfway Drive. With one exception, all intersections along Memorial Dr. were 
pretimed and interconnected. The intersection with 39th St. was operating in an actuated 
isolated mode. The controllers were using between two and seven phases. None of the 
intersections were equipped with pedestrian controls. While four intersections along the 
Gulfway Dr. are being operated in isolated mode, the rest are interconnected to a number 
of systems. Of the 15 intersections in the Gulfway Dr. project, one intersection is semi­
actuated, one is fully actuated, and the remaining are pretimed. The controllers were using 
between two and eight phases. Only one intersection was equipped with pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 

· form of traffic volumes, saturation flow rates, travel times, and delays. While 15 minute 
volumes were collected for peak periods, hourly volumes were collected for the off-peak 

'periods. Saturation flows were estimated in the field by using the method suggested in the 
TLS PASSER II training manuals. The volumes indicated that the PM peak volumes were 

. far higher than the volumes during the rest of the day. The test car method was used to 
collect link travel times, average number of stops, and the stop locations. 

PASSER II-87 simulation model was employed to optimize the phase splits and 
estimate delays. It was decided to operate Memorial Dr. independently from Gulfway 
Drive. Gulfway Dr., in turn, was broken into three sub-systems. NEMA controllers with 
time base coordinators were installed to facilitate coordination. In all, nine new controllers 
were installed. Implementing the new signal timings resulted in a total annual savings of 
about 1.4 million dollars to the motorists using this route. While the number of stops 
decreased by about 11 million (a decrease of about 16.1 percent), there were about 124,740 
fewer hours of delay (a reduction of 21.9 percent), and fuel savings of about 27,000 gallons 
(a reduction of about 1.4 percent) in an year. There was a significant reduction (21 percent) 
in the travel times. The cost of the project was $109,000 with a benefit to cost ratio of 13 
to 1. 

Port Arthur, Texas Memorial Dr./Gulfway Dr. 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 23812 19552 199.3 150 645 639.2 
HOURLY OFF 20959 18015 161 135.5 597.4 602.4 
VALUES PM 29384 23335 288.3 194.3 n2.9 713.3 

AM 4260 49.3 5.8 
DIFFERENCES OFF 2944 25.5 -5 

PM 6049 94 59.6 
Nil 1 1 1 

HRSIOAY OFF 7 7 7 
PM 2 2 2 
AM 4260 49.3 5.8 

DAILY OFF 20608 178.5 -35 
c-

PM 12098 188 119.2 
TOTAL 36966 415.8 90 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $155,257 $1,247,400 $27,000 

PROJECT COST: $109,213 TOTAL ANNUAL SAVINGS: $1,429,657 

BENIFIT/COST RATIO: 13.09 

Porl Arthur, Texas Memorial Dr./Gulfway Dr. 
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Bryant Boulevard 

The City of San Angelo worked in conjunction with Barton Aschman Inc. on the 
following project. Bryant Blvd. is a major arterial running in the north-south direction, west 
of the CBD. It splits into a pair of one way streets called Koeingheim St. in the north 
direction and Abe St. in the south direction. The Bryant Blvd. system consists of 17 
intersections. The attached figure illustrates the project network details, cross streets, and 
link distances. 

A single timing plan was utilized at all the intersections in the system with a few 
minor modifications at a few intersections. An 80 second cycle length was used at all the 
intersections. Eight of the seventeen intersections were actuated while the rest were 
pretimed. The controllers were using between· two and five phases. None of the 
intersections had any pedestrian controls. A variety of controllers were operating the 
intersections. The modifications included installing a close-loop signal system. Hence, a 
new interconnect cable was needed. The existing controllers also needed to be replaced 
with NAZTEC 900 series controllers. New system detectors, mastarms, signal heads, and 
a microcomputer station were also proposed to be installed. 

In order to evaluate the system performance, the ''before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, 
saturation flow rates, travel times, travel delays, and an operating cost study. The floating 
car technique was used to evaluate the travel time data. This data included total travel 
time, link travel times, stopped delay, and running speeds. This data was used to calibrate 
the TRANSYT-7F simulation model. 

TRANSYT-7F simulation model was used to optimize the signal timings, and to 
estimate offsets and delays. Minor fine-tuning of the offsets was done. Based on the 
TRANSYT-7F results, the project had an estimated $383,263 savings in annual operating 
cost. On an annual basis, the number of stops decreased by a total of 6.7 million (a 9.7 
percent reduction), the fuel consumption decreased by 77,733 gallons (a 3.9 percent 
reduction), and the delay decreased by 21,153 veh-hrs (a 3.9 percent reduction). The new 
timings had a positive effect on reducing the travel times in the PM peak period. While, 
travel times slightly increased in the south-bound direction in the AM peak, they decreased 
by about 55 to 80 percent in the PM peak. The total cost of the project was $238,777 with 
a benefit to cost ratio of 2 to 1. 

San Angelo, Texas Bryant Boulevard 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 16180 14814 129.84 12233 490.53 4n.os 
HOURLY OFF 19028 17118 144.9 141.23 547.9 527.48 
VALUES PM 22847 20932 220.05 193.75 690.3 648.87 

AM 1366 7.51 13.48 
DIFFERENCES OFF 1910 3.67 20.42 

PM 1915 26.3 41.43 
AM 1 1 1 

HRS/OAY OFF 10 10 10 
PM 1 1 1 
AM 1366 7.51 13.48 

DAILY OFF 19100 36.7 204.2 
PM 1915 26.3 41.43 

TOTAL 22381 70.51 259.11 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $94,000 $211,530 $77,733 

PROJECT COST: $238,777 TOTAL ANNUAL SAVINGS: $383,263 

BENIFIT/COST RATIO: 1.61 

San Angelo, Texas Bryant Boulevard 
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Central Business District 

The City of San Angelo worked in conjunction with Barton Aschman Inc. on the 
following project. San Angelo CBD system has 10 arterials and consists of 22 intersections. 
The attached figure illustrates the project network details, cross streets, and link distances. 

The existing signal system is a fixed-time coordinated system. The electromechanical 
controllers are interconnected by hardwire and coordinated from a central time-base 
coordinator. An 80 second cycle length was used at all the intersections. The modifications 
included installing a close-loop signal system. The existing controllers also needed to be 
replaced with NAZTEC 900 series controllers. New system detectors, mastarms, signal 
heads, and a microcomputer station were also proposed to be installed. The city decided 
to use the existing interconnect cable after making some repairs and modifications. 

. In order to evaluate the system performance, the ''before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, 

. saturation flow rates, travel times, travel delays, and an operating cost study. The floating 
·car. technique was used to evaluate the travel time data on three arterials. This data 
included total travel time, link travel times, stopped delay, and running speeds. This data 
was used to calibrate the TRANSYT-7F simulation model. 

TRANSYT-7F simulation model was used to optimize the signal timings, and to 
estimate offsets and delays. Minor fine-tuning of the offsets was done to improve 
progression. Based on the TRANSYT-7F simulation, the project had an estimated $595,592 
savings in annual operating cost. On an annual basis, the number of stops decreased by a 
total of 1.46 million (a 3.4 percent reduction), the fuel consumption decreased by 49,557 
gallons (a 6.4 percent reduction), and the delay decreased by 52,551 veh-hrs (a 18.3 percent 
reduction). The new timings had a positive effect on reducing the travel times in all the 
time periods for the three arterials which were studied. The total cost of the project was 
$179,668 with a benefit to cost ratio of 3 to 1. 

San Angela; Texas Central Business District 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 7437 6879 46.17 44.73 132.99 128.62 
HOURLY OFF 12541 12146 83.23 65.92 221.87 206.01 
VALUES PM 11453 11074 74.78 74.15 208.42 206.2 

AM 558 1.44 4.37 
DIFFERENCES OFF 395 17.31 15.86 

PM 379 0.63 2.22 
. AM 1 1 1 

HRS/DAY OFF 10 10 10 
PM 1 1 1 
AM 558 1.44 4.37 

_ .. , DAILY OFF 3950 173.1 158.6 
, .. 

' PM 379 0.63 2.22 
TOTAL 4887 175.17 165.19 

. •' 

UNIT VALUES $0.014 $10.00 $1.00 
·-

ANNUAL SAVINGS $20,525 $525,510 $49,557 

PROJECT COST: $179,668 TOTAL ANNUAL SAVINGS: $595,592 

BENIFIT/COST RATIO: 3.31 

San Angelo, Texas Central Business District 
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Navarro Street 

The City of Victoria Engineering Department, in conjunction with Traffic Engineers, 
Inc., worked on improving traffic signal timing on two arterials, one of which was Navarro 
Street. The Navarro Street System consists of nine traffic signals extending form Goodwin 
Avenue in the city's central business district to the northern area of the city. Navarro Street 
is the major north-south arterial in the City of Victoria. The signal system is interconnected 
with hardwire and under closed loop system monitoring. Intersection controllers were 
upgraded from electromechanical to solid state NEMA controllers as part of the 1LS 
program. Before 'ILS, Airline Drive and Sam Houston Drive were operating isolated from 
the system under fully actuated control. These two intersections were incorporated into the 
overall signal coordination plans of the system. All the signals are actuated with various 
number of phases and some intersections have pedestrian controls. The attached map 
displays the project arterial, cross streets, and link distances. 

"Before" and "after" conditions of the study were monitored in order to evaluate the 
system's performance of the TLS program. Basic traffic and intersection data (travel times 
and travel delays at each node), signal phasing, vehicle turning movements, and saturation 
flow rates were required at each intersection. The vehicle turning movement counts and 
intersection data were taken by collecting data during actual field studies during two hour 
periods in the morning, noon, and afternoon. The remaining information was obtained from 
_data files. 

Based on the PASSER II simulation, the project had an estimated total annual cost 
savings of $934,543. This operating cost savings included a total annual increase of 
2,491,214 stops (a 4.2 percent increase), but a total annual fuel savings of24,420 gallons (a 
1.5 percent reduction), and a total annual delay savings of 94,500 veh-hrs (a 17.2 percent 
reduction). Travel times were reduced by an average of 5 percent and visual observation 
indicates improved traffic flow and reduced congestion. The total cost of the project was 
$62,679 and the resultant benefit to cost ratio was 15 to 1. 

Victoria, Texas NavQlTo Street 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

. --- BEFORE AFTER· BEFORE AFTER BEFORE AFTER 

AM 17219 16172 149.9 111.8 464.9 464 
HOURLY OFF 20346 21554 190.9 158.2 549 536.7 
VALUES PM 20939 22514 195.3 174 553 550.1 

AM 1047 38.1 0.9 
DIFFERENCES OFF -1208 32.7 12.3 

PM -1575 21.3 2.9 
AM 2 2 2 

HRS/DAY OFF 6 6 6 
PM 2 2 2 
AM· ... 2094 76.2 1.8 

DAILY OFF -7248 196.2 73.8 
PM -3150 42.6 5.8 

TOTAL -8304 315 81.4 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS ($34,877) $945,000 $24,420 

PROJECT COST: $62,679 TOTAL ANNUAL SAVINGS: $934,543 

BENIFIT/COST RATIO: 14.91 

Victoria, Texas Nawuro Street 
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Rio Grande Street 

The City of Victoria Engineering Department, in conjunction with Traffic Engineers, 
Inc., worked on improving traffic signal timing on two arterials, one of which was Rio 
Grande Street. The Rio Grande Street System consists of seven traffic signals extending 
from Bridge Street to Sam Houston Street. The signal controllers were upgraded as part 
of the TLS project from electromechanical units to solid state NEMA controllers. Rio 
Grande is an east-west major arterial carrying tremendous traffic volumes, especially on the 
western segment closest to the central business district located just to the south. Bridge and 
Main streets are key crossing streets carrying traffic in and out of the downtown area. 
Navarro and Laurent streets are major north-south crossing arterials carrying large volumes 
of traffic. All the signals in the system are actuated with no pedestrian controls and under 
TBC control. The attached map displays the project arterial, cross streets, and link 
distances. 

"Before" and "after" conditions of the study were monitored in order to evaluate the 
system's performance of the 1LS program. Basic traffic and intersection data (travel times 
and travel delays at each node), signal phasing, vehicle turning movements, and saturation 
flow rates were required at each intersection. The vehicle turning movement counts and 
intersection data were taken by collecting data during actual field studies during two hour 
periods in the morning, noon, and afternoon. The remaining information was obtained from 
data files. 

Based on the PASSER II simulation, the project had an estimated total annual cost 
savings of $464,960. This operating cost savings included a total annual savings of 2,838,571 
stops (a 6.6 percent reduction), a total annual fuel savings of 17,220 gallons (a 1.5 percent 
reduction), and a total annual delay savings of 40,800 veh-hrs (a 10.8 percent reduction). 
Travel times were reduced by an average of 3 percent and visual observation indicates 
improved traffic flow and reduced congestion. The total cost of the project was $66,020 and 
the resultant benefit to cost ratio was 7 to 1. 

Victoria, Texas Rio Grande Street 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 13353 11219 115.6 87.2 363 353 
HOURLY OFF 14049 13591 120.7 115.4 382 379.1 
VALUES PM 16065 14842 151.1 127.4 414 404 

AM 2134 28.4 10 
DIFFERENCES OFF 458 5.3 2.9 

PM 1223 23.7 10 
AM 2 2 2 

HRS/DAY OFF 6 6 6 
PM 2 2 2 
AM 4268 56.8 20 

DAILY OFF 2748 31.8 17.4 
PM 2446 47.4 20 

~ ~ TOTAL 9462 136 57.4 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $39,740 $408,000 $17,220 

PROJECT COST: $66,020 TOTAL ANNUAL SAVINGS: $464,960 

BENIFIT/COST RATIO: 7.04 

Victoria, Texas Rio Grande Street 
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S. 17th and S. 18th Streets 

The City's Traffic Services Division was assisted by the Texas Department of 
Transportation to work on the following project. The network consists of 18 intersections 
on two one-way streets (17th and 18th) and five intersections on two other parallel pair of 
one-way streets (25th and 26th). All streets are north-south oriented. The attached map 
displays the project network system, cross streets, and link distances. 

The pair of 17th and 18th streets is the only continuous north-south major arterial 
through the central part of Waco. It connects the outlying communities and the south Waco 
residential areas with downtown and north Waco. Prior to the project, the east-west 
progression in the project area was very poor. Thus motorists were diverting to Waco Drive 
to travel in the east-west direction resulting in congestion on Waco Drive. All except the 
intersection at 26th and Franklin were operating on two-phases before and after the 
modifications. The signal phasing at 26th and Franklin (master) was modified to operate 
in three phases by introducing split phasing on the cross-street. None of the intersections 
were equipped with pedestrian controls. While all the intersections were operating in 
pretimed mode before modifications, the intersection at 26th and Franklin was changed to 
actuated mode. The controller at 26th and Franklin was replaced as part of the 
modifications. Before the modifications, the system was operating on a single cycle length 
till late in the night after which it operated in a flash mode. The existing interconnect cable 
will continue to be used. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. EZ-1RANSYT 
PLUS Ver. 6.0 was used to estimate the saturation flow rates, lost times, and the extension 
of effective green. Test car method was used to collect link travel times, average number 
of stops, and the stop locations. 

TRANSYT-7F simulation model was employed to obtain the phase splits and offsets 
for the network for the three peak periods. Significant fine tuning of the splits and offsets 
was done to improve the progression. Implementing the new signal timings resulted in a 
total annual savings of about $547,952 to the motorists using the network. While the 
number of stops decreased by about 2.7 million, there were about 46,575 fewer hours of 
delay, and a fuel savings of about 43,950 gallons in a year. While the values of stops, delays, 
and fuel consumption for the PM peak period indicate an increase, this increase can be 
attributed to the increase in the duration of the study period for the PM peak by about 1.5 
hours. The average travel times decreased significantly on most of the links in the network. 
A few links consistently indicating an increase in the travel times were identified as bottle 
necks requiring further modifications. The total cost of the project was $25,211 with a 
benefit to cost ratio of 22 to 1. 

Waco, Texas S. 17th/S. 18th Streets 
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STOPS TOTAL SYSTEM 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER 

AM 12637 10415 198 172 
HOURLY OFF 9314 8418 57 47 

VALUES PM 14485 11769 112 67 
AM 1.50 1.50 1.5 1.5 

HRS/SAY OFF 6.75 5.25 6.75 5.25 
PM 1.75 3.25 1.75 3.25 
AM 18956 15623 297 258 

VALUES/DAY OFF 62870 44195 385 247 
PM 25349 38249 196 218 
AM 3333 39 

DIFFERENCES OFF 18675 138 
PM -12900 -22 

TOTAL 9108 155 

UNIT VALUES $0.014 $10.00 

ANNUAL SAVINGS $38,254 $465,000 

PROJECT COST: $25,211 TOTAL ANNUAL SAVINGS: 

BEN I FIT/COST RATIO: 21.72 

Note: The PM peak study period has been increased by 1.5 hours and the Off peak 
study period has been decreased by 1 hour. 

Waco, Texas 
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FUEL (gals) 

BEFORE AFTER 

365 326 
213 196 
346 285 
1.5 1.5 

6.75 5.25 
1.75 3.25 
548 489 

1438 1029 
606 926 

59 
409 
-320 
148 

$1.00 

$44,400 

$547,654 

S. 17th/S. 18th Streets 
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N. 25th and N. 26th Streets 

The City's Traffic Services Division was assisted by the Texas Department of 
· Transportation and Texas Transportation Institute to work on the following project. The 
project is located 0.7 miles north of Waco Drive. The network consists of two one-way 
streets. It is north-south oriented and consists of seven intersections. The attached map 
displays the project network system, cross streets, and link distances. 

The area around the network is predominantly residential. Stops and unnecessary 
delays are observed in the morning peak and the evening peak as well as during the two 
school peak periods. The short cycle does not clear the queues formed in between 25th and 
26th streets when the schools are let out. 

- The intersections were operating on two-phases before and after the modifications. 
While only three of the intersections had pedestrian controls before the modifications, all 
the intersections were equipped with pedestrian controls as part of the TLS program. Three 
of the intersections were under actuated control. The remaining intersections were under 
pretimed control. Four controllers were replaced as part of the modifications. A master 

· controller was located at 25th and Colcord and is capable of providing three cycles with 
··· three splits and offsets. However before the modifications, the system was operating on a 
. single cycle length till late in the night after which it operated in a flash mode. Display 
,upgrades like new mast arms and intersection wiring upgrades were provided by the city of 
·_Waco.- The existing interconnect cable will continue to be used. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. EZ-1RANSYT 
PLUS Ver. 6.0 was used to estimate the saturation flow rates, lost times, and the extension 
of effective green. Test car method was used to collect link travel times, average number 
of stops, and the stop locations. 

TRANSYT-7F simulation model was employed to obtain the phase splits and offsets 
for the network. Separate timing plans were obtained for the three peak periods. 
Significant fine tuning of the splits and offsets was done to improve the progression. 
Implementing the new signal timings resulted in a total annual savings of about $170,936 to 
the motorists using the network. While the number of stops decreased by about 2.61 million 
(a decrease of about 24.7 percent), there were about 11,049 fewer hours of delay (a 
reduction of 14 percent), and a fuel savings of about 24,000 gallons (a reduction of 13.3 
percent) in a year. The average travel times decreased significantly on all the links in the 
network with the decrease more pronounced in the peak periods. In some of the links, the 
travel times decreased by as much as 91 seconds. The total cost of the project was $40,580 
with a benefit to cost ratio of 4 to 1. 

Waco, Texas N. 25th/N. 26th Streets 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

. -- BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 4399 3131 31 25 75 61 
HOURLY OFF 2039 1653 13 10 36 32 
VALUES NOON 3183 2622 20 20 54 50 

PM 5481 3878 37 31 93 79 
AM 1268 6 14 

DIFFERENCES OFF 386 3 4 
NOON 561 0 4 

PM 1603 6 14 
AM 1 1 1 

.- -----1< •. - • 

. ~ HRS/DAY OFF 4.25 4.25 4.25 
,--,· 

NOON 1.75 1.75 1.75 .. 
i -- PM 3 3 3 

AM 1268 6 14 
DAILY OFF 1641 t2.75 17 

TOTALS NOON 982 0 7 
PM 4809 18 42 

TOTAL 8699 36.75 80 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $36,537 $110,250 $24,000 

PROJECT COST: $40,579 TOTAL ANNUAL SAVINGS: $170,787 

BEN I FIT/COST RATIO: 4.21 

Waco, Texas N. 25th/N. 26th Streets 
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Waco Drive 

The City's Traffic Services Division was assisted by the Texas Department of 
Transportation and Texas Transportation Institute to work on the following project. The 
Waco Drive (US 84) project has 17 intersections and is the principal traffic carrier 
connecting the southwestern part of the town, which has a lot of industries, with the eastern 
part of the town. During the peak periods, Waco Drive is inundated by work trips and 
many motorists using shorter segments of the arterial for the same purpose. The attached 
map displays the project network system, cross streets, and the link distances. 

Waco Drive is a median-divided, east-west, primary arterial carrying three traffic 
lanes in each direction from Clifton to N. 8th Street and two lanes each way between N. 8th 
and 38th Street. Left tum bays are present on all major and most minor cross-streets. 
Some bottle-necks exist in the segment containing two lanes in each directions. Modifying 
the phasing to protected-permissive is a viable solution to improve the operation at many 
intersections. Before the modifications, the intersections were using between two and five 
phases. However, minor modifications in the phasing were made and in after condition, 
between two and four phases were being used. Pedestrian controls were provided at only 
one of the intersections before and after the modifications. While only three of the 
intersections were under actuated control before the modifications, about eight new 
intersections had the capability to operate in actuated mode after the modifications. The 
remaining intersections were under pretimed control. Eight new controllers including the 
master controller were replaced to create a close loop system. Display upgrades like new 
mast arms and intersection wiring upgrades were provided by the city of Waco. The existing 
interconnect cable will continue to be used. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. PASSER II 90 was 
used to estimate the saturation flow rates, lost times, and the extension of effective green. 
Test car method was used to collect link travel times, average number of stops, and the stop 
locations. 

PASSER II simulation model was employed to obtain the phase splits and offsets for 
the network. Minor fine tuning of the splits and offsets was needed to improve the 
progression. Implementing the new signal timings resulted in a total annual savings of about 
$1,117,157 to the motorists using the arterial. While the number of stops decreased by 
about 5 million (a decrease of about 6 percent), there were about 95,610 fewer hours of 
delay (a reduction of 20 percent), and a fuel savings of about 90,900 gallons (a reduction 
of 4.5 percent) in a year. The average travel times decreased by 151 seconds in the AM 
peak period (west-bound) and by 450 seconds in the PM period (east-bound). The total cost 
of the project was $40,580 with a benefit to cost ratio of 4 to 1. 

Waco, Texas Waco Drive 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 28981 26005 165.6 124.7 688 617 
HOURLY OFF 25496 24138 142.3 119.2 594 574 
VALUES PM 30703 29333 220.5 164.5 769 738 

AM 2976 40.9 71 
DIFFERENCES OFF 1358 23.1 20 

PM 1370 56 31 
AM 1.5 1.5 1.5 

HRS/DAY OFF 7.5 7.5 7.5 
PM 1.5 1.5 1.5 
AM 4464 61.35 106.5 

DAILY OFF 10185 173.25 150 
PM 2055 84 46.5 

TOTAL 16704 318.6 303 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $70,157 $955,800 $90,900 

PROJECT COST: $45,417 TOTAL ANNUAL SAVINGS: $1,116,857 

BENIFIT/COST RATIO: 24.59 

Waco, Texas Waco Drive 
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Individual Project Summaries - Small Cities 

Reduction In Doll~ Totals 
Delay Fuel Total Annual 

Clt,r System Stops (veh-hrs) (gals) Snvlngs ($) 
Addison Addison System 45,558 5,239.09 1,594.11 16,386,845 
Brownwood Brownwood CBD 29,218 70260.00 26376.00 125,854 
Corsicana Corsicana CBD 32 2.76 (2.45 7,679 
DelRio US 90-Avenue 39317 517.20 230.40 1,785 851 
DeSoto Hampton 20327 261.43 390.65 986841 
Duncanville Santa Fe 2,061 8.31 12.03 37,195 
Euless Main Street 7896 435.80 1102.55 1671326 
Highland Mockingbird/Preston 28,923 1235.04 995.61 4125 280 
Hurst Hurst Boulevard 4,911 35.14 (6,065.00) 124,049 

Pipeline Road 1,933 26.95 35.97 99758 
Marble Falls US281 29522 139.95 387.63 660 129 
Mineral Wells Central Business District 5 410 55.66 64.86 209 160 
Orange Green Avenue_(BU 90Y) 67235 3,044.40 1186.66 9 771585 
Round Rock RM620 26239 360.00 480.00 1333,784 
San Marcos Central Business District 28562 3,485.00 1080.00 10898,960 
Taylor SH95System 10947 4.85 85.13 86066 
Temple 1st/3rd 39,707 122.15 80.36 557,329 

31st Street 95,327 1,879.75 475.53 6,182,284 
57th Street 5,048 (150.46) 47.93 (415,787) 
Avenue I-I 10,184 15.10 25.35 95,679 
AvenueM 33,865 273.15 160.59 1,009,858 
Central/ Adams 45,254 921.33 1,034.89 3,264,530 

Texarkana Highway US 82 12,937 89.73 61.36 341,991 
University Park Hillcrest Road System 33,074 62.00 218.00 390,311 

Preston Road System 17,984 (25.00' 85.00 26,033 
West Lake Hills RM2244 43,885 1018.00 923.50 3,515 365 

Total 
Cost($) 8/C Rntlo 

84,891 192.83 
39427 3.19 
59,771 0.13 
41,806 42.72 
56,279 17.53 
18,021 2.06 
28518 58.61 
82,500 50 
46,842 2.65 
25920 3.85 
30041 21.97 
35 383 5.91 
31147 313.72 
12 151 109.77 
41687 261.45 
61188 1.41 
12,123 45.97 
2,324 2660.19 
7,692 -54.06 
5,520 17.33 
5,076 198.95 

10,374 314.68 
38,326 8.92 
42,347 9.22 
42,347 0.61 

110,563 31.8 
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Addison System 

The Town of Addison worked on the following project. They were assisted by 
Barton-Aschman Associates, Inc. The study network consisted of 22 intersections on 4 
arterials. The attached map displays the project network system, cross streets, and link 
distances. Numerous types of controllers were operating the intersections before any 
changes were made to the operation. However, nineteen new multisonic 820A traffic signal 
controllers were purchased and have replaced the old controllers. All the intersections, 
except for the seven on Belt Line, were isolated and "ran free" throughout the entire day for 
the "before" study. The isolated/actuated intersections had a minimum green time of five 
seconds for through movement and the left tum movement, with a combined yellow and all 
red time of approximately four seconds. Each of the intersections had between three to six 
phases. All of the intersections were equipped with pedestrian controls. 

The "before" and "after" TLS traffic conditions were collected and calibrated. 
TRANSYT-7F and PASSER II signal timing optimization computer programs were used to 
calibrate/evaluate and optimize the network, respectively. The arterial data was collected 
in the form of peak hour turning movement volumes, signal phasing and timings, and 
network travel time data using the floating car technique. Hourly volumes were collected 
in the AM, noon, and PM peak periods and an off-peak period in 15 minute intervals. 

Calibration studies for "before" and "after" conditions were conducted to check the 
validity of TRANSYT -7F replicating actual field measurements. Travel time studies were 
_conducted and compared with the output from TRANSYT. The differences between the 
observed and theoretical (TRANSYT output) travel times were less than 20 percent. Signal 
timing, phasing, and offsets were obtained using PASSER II. Cycle lengths for each peak 
period were dictated by the cycle length of Belt Line Rd. While the cycle length for 
Midway Rd and Addison Rd matches the cycle length on the Belt Line Rd, Quorum Dr was 
found to run better "free" than at "fixed" cycle length for all peak periods. 

Implementing the new signal-timings resulted in a total annual savings of about 16.3 
million dollars to the motorists using these routes. These savings included 13.6 million 
fewer stops (a reduction of about 11 percent), 1.5 million veh-hrs of lesser delay (a 
reduction of about 54 percent), and a reduced fuel consumption of about 0.5 million gallons 
(a reduction of about 12.5 percent) in an year. The average travel times {ATT) in the 
north-bound and south-bound directions remained nearly constant on Quorum Rd. The 
ATT on the remaining arterials decreased significantly for the peak as well as off-peak 

· periods in the north/east-bound and south/west directions, with the exception of Addison 
Rd in the south-bound direction for which the ATT increased slightly. The signal timing 
and coordination for the Addison System has improved the progression in the area and has 
been a worthwhile project. The project has cost roughly about $85,000 and has a benefit 
to cost ratio of 193 to 1. 

Addison, Texas Addison System 



Traffic Light Synchronization I Page G-6 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

- .. BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 39955 38533 1268.75 537.75 1519.91 1225.64 
HOURLY OFF 32513 28917 557.49 315.03 812.94 872.32 
VALUES NOON 36120 30429 1198.91 630.19 1449.1 1131.02 

PM 45762 39679 2325 567.77 2432.81 916.63 
AM 1422 731 294.27 

DIFFERENCES OFF 3596 242.46 -59.38 
NOON 5691 568.72 318.08 

·-
PM 6083 1757.23 1516.18 

. ·-···· AM 1 1 1 
HRS/DAY OFF 9 9 9 
~ ~ r NOON 1 1 1 

- PM 1 1 1 
AM 1422 731 294.27 

DAILY OFF 32362 2182.14 -534.42 
TOTALS NOON 5691 568.72 318.08 

r 

PM 6083 1757.23 1516.18 
TOTAL 45558 5239.09 1594.11 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $1~1,342 $15,717,270 $478,233 

PROJECT COST: $84,981 TOTAL ANNUAL SAVINGS: $16,386,845 

BENIFIT/COST RATIO: 192.83 

Addison, Texas Addison System 
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Brownwood CBD 

The City of Brownwood Department of Public Works and Transportation worked on 
the following project. The study network included nine intersections along five arterials 
within the City of Brownwood. The attached figure displays the project network system, 
cross streets, and link distances. Five intersections are maintained by the city and four by 
TxDOT. The intersections maintained by TxDOT include Main/Baker, Main/ Austin, 
Austin/Center, and Austin/Fisk. 

The signals in this system were controlled by five new NAZ'IEC 900 controllers and 
four existing NAZ'IEC NT848 controllers. Each controller was installed with time-based 
coordination. Loop detectors were installed at the five city maintained intersections. The 
signals at Austin/Main and Baker/Center were full-actuated signals. All other signals were 
semi-actuated signals. Except Baker and Center, each intersection was resting in green on 
the non-actuated movements. All intersections had two or three signal phases. The signals 
were not equipped with pedestrian controls. 

In order to evaluate the system performance, the "before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using TRANSYT-7F for 
each of the morning, afternoon, and off-peak periods. The optimized cycle lengths were 
between 45 and 75 seconds, respectively. The 75 second cycle length occurred during peak 
periods at the Main/ Austin intersection. The 45 second cycle length was predicted on 
minimum pedestrian walk times. A coupling analysis was conducted for the Off, Noon, and 
PM peak periods using 1991 traffic counts conducted by Barton-Aschman Associates, Inc. 
This was used to identify the locations where coordination was needed between adjacent 
signalized intersections to provide smoother flow of traffic along specific corridors. 

Based on TRANSYT-7F simulation, the project resulted in an estimated $125,000 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 2,086,980 stops (a 12.7 percent 
reduction), a total annual fuel savings of 26,376 gallons (a 9.5 percent reduction), and a 
delay annual savings of 7,026 veh-hrs (a 7.7 percent reduction). The results also revealed 
a reduction in travel and run:ning times as well as an increase in average run speeds during 
each period in each direction. The total cost of the project was $39,000, and the resultant 
benefit to cost ratio was 3 to 1. 

Brownwood, Texas Brownwood CBD 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 
.. 

OFF 4352 3810 24.1 20.87 73.62 65.79 
HOURLY NOON 5478 4862 30.16 38.37 93.58 89.72 
VALUES PM 5812 4892 33.41 34.08 96.05 90.29 

OFF 542 3.23 7.83 
DIFFERENCES .. NOON 615 -8.21 3.86 

PM 920 -0.67 5.76 
OFF 10 10 10 

HRS/DAY NOON 1 1 1 
PM 1 1 1 
OFF 5421 32.3 78.3 

DAILY NOON 615 -8.21 3.86 
PM 920 -0.67 5.76 

TOTAL 6957 23.42 87.92 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $29,218 $70,260 $26,376 

PROJECT COST: $39,427 TOTAL ANNUAL SAVINGS: $125,854 

BENIFIT/COST RATIO: 3.19 

Brownwood, Texas Brownwood CBD 
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Corsicana CBD 

The Corsicana Engineering Department along with Barton-Aschman Inc. worked on 
the following project. Fourteen intersections formed by eight streets were included in the 
CBD project. The attached map displays the project network system, cross streets, and link 
distances. 

· Each of the intersections in the CBD system were controlled by an electromechanical 
three dial controller with a two-phase operation. A single timing plan having a cycle length 
of 60 seconds was utilized throughout the day. Five of the fourteen intersections had 
pedestrian controls. The system was operated in a flashing mode from 6:30p.m. to 7:00 
a.m. As part of the improvements, the existing electromechanical controllers were replaced 
by NAZTEC 124F controllers. This was done to improve the reliability as well as to reduce 
the maintenance costs of the controllers. 

. In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, travel times, and delays. Twenty four counts were made at the 
intersections. Hourly volumes were later collected for the study periods. Test car method 
was used to collect link travel times, stopped delay, and running speeds. While 28 seconds 

· ~ of green was provided at all the intersections in the north-south direction, 26 seconds of 
green was provided in the east-west direction. Three seconds of yellow was provided in both 
the directions. 

TRANSYT-7F simulation model was employed to optimize the phase splits and to 
estimate delays. Timings were fine tuned in the field after implementing the improvements. 
Several timing plans were developed for different time periods. However, it was later found 
that only one of the hardwire interconnect cable could be used. Hence, only the PM peak 
timing plan could be maintained with coordination and the same was used for the entire 
day. The system was operated in a flashing mode from 6:30 p.m. to 6:30 a.m. 

Implementing the new signal timings resulted in a total annual savings of about 
$7,679 to the motorists using this route. The number of stops decreased by about 9,600 (a 
decrease of under 1 percent) and the delay decreased by about 828 veh-hrs (a decrease of 
2.3 percent). However, the fuel consumption increased by about 735 gallons (a marginal 
increase of about 0.9 percent) in an year. The travel times were observed to decrease 
marginally in the PM peak period. Implementation of this timing plan resulted in an 
expenditure of about $59,770. A major component of the expenditure was the purchase of 
Naztek controllers. Even though the benefit to cost ratio was 0.13 to 1, there was a 
marginal improvement in the traffic performance in the network. A revised timing plan to 
be implemented in future and applicable for all times of the day is expected to increase the 
savings to about $64, 271 with a benefit to cost ratio of about 1 to 1. 

Corsicana, Texas Corsicana CBD 
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' 
- . - ~ . - .. 

."-<.--. STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

. 
_., .. 

c 

BEFORE AFTER ' -- .. BEFORE AFTER BEFORE AFTER 

AM 1519 1499 8.41 8.29 16.88 18.65 
HOURLY OFF 1718 1714 9.51 9.27 21.7 21.51 

. -
VALUES PM 2593 2621 14.67 14.43 29.83 32.41 

AM 20 0.12 .-1.77 
DIFFERENCES OFF 4 0.24 0.19 

'·-- PM -28 0.24 -2.58 
. -- .- AM 1 1 1 
::~·: HAS/DAY OFF 10 10 10 

-- ... PM 1 1 1 
AM 20 0.12 -1.77 

DAILY OFF 40 2.4 1.9 
PM -28 0.24 -2.58 

··--
TOTAL 32 2.76 -2.45 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $134 $8,280 ($735) 

PROJECT COST: $59,771 TOTAL ANNUAL SAVINGS: $7,679 

BENIFIT/COST RATIO: 0.13 

Corsicana, Texas Corsicana CBD 
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US 90- Avenue F 

The District 7 Traffic Office of TxDOT worked on the following Del Rio project. 
Del Rio is a small city. with an estimated population of 33,000. US 90, known as Avenue 
F, is the major arterial in Del Rio, carrying traffic into and out of the city in the north and 
west directions. Before this project began, the signals in this system were controlled by 
mechanical pretimed controllers and one solid state traffic actuated controller. New time 
base solid state controllers were installed before timing and phasing changes were 
implemented. 

A total of six intersections along a 1.4 mile section of roadway were included in the 
US 90 project. The attached map displays the project arterial, cross streets, and link 
distances. All intersections have between two and four phases. None of the signals in this 
system are equipped with pedestrian controls. Phasing modification was performed for three 
signals. 

In order to evaluate the system's performance, the "before" TLS traffic conditions 
were monitored and various field data were collected. The data included traffic volumes, 
saturation flow rates, travel times, travel delays, and an operating cost study. Overall, the 
hardware changes consisted of installing new Naztec 900 controllers, and removing both a 
protected left signal head and a protected left on green arrow sign from one intersection. 
In fin~-tuning the signal timing plans, additional time was added to the protected left phase 
for the Northbound direction of Avenue F at Cantu Dr.. Changes in the timing plan for the 
signal at Avenue F and Chevrolet Dr. were also made to allow more time for protected lefts 
on the side street. The intersection of Avenue F and Chevrolet was fully actuated before 
this project, so a comparison to existing conditions could not be made. 

Based on the PASSER II-87 simulation, the project had an estimated 1.8 million 
dollar reduction in annual operating cost, a direct benefit to motorists using these routes. 
This operating cost reduction included a total annual savings of 11,795,071 stops (a 23.4 
percent reduction), a total annual fuel savings of 69,120 gallons (a 37.5 percent reduction), 
and a delay annual savings of 155,160 veh-hrs (a 5.6 percent reduction). The majority of 
these benefits will be in the reductions of delays and stops. For Avenue F, the maximum 
increase in travel time was 4 seconds for the Southbound AM peak, a 7.3 percent increase. 
The maximum reduction in travel time was 24 seconds for the Northbound PM peak, a 32.9 
percent reduction. The total cost of the project was $14,800, and the resultant benefit to 
cost ratio was 43 to 1. 

Del Rio, Texas US 90- Avenue F 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 9730 6494 90.6 42.4 224 207 
HOURLY OFF 9730 7191 90.6 62.4 224 213 
VALUES PM 8897 n18 62.7 52.1 236 227 

AM 3236 48.2 17 
DIFFERENCES OFF 2539 28.2 11 

PM 1179 10.6 9 
AM 8.4 8.4 8.4 

HAS/DAY OFF 0.6 0.6 0.6 
PM 9 9 9 
AM 27182 404.88 142.8 

DAILY ·OFF 1523 16.92 6.6 
PM 10611 95.4 81 

TOTAL 39317 517.2 230.4 

... -~- --·-
UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $165,131 $1,551,600 $69,120 

PROJECT COST: $41,806 TOTAL ANNUAL SAVINGS: $1,785,851 

BEN I FIT/COST RATIO: 42.72 

Del Rio, Texas US 90 -Avenue F 
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Hampton 

The City of DeSoto Department of Public Works and Transportation worked on the 
following project. A total of six ( 6) signalized intersections were included in this traffic 
signal network at spacing that varied between 1,240 feet and 3,680 feet. Hampton Road is 
a standard urban arterial traversing the center axis of the city. Prior to this study, all the 

.·<,six intersections were operating in isolated mode without a uniform cycle length or 
coordination. The attached figure shows the project network system, cross streets, and link 
distances. 

New mast alarm signals and control equipment was installed at one new location and 
six existing locations on Hampton Road and at three existing locations on Pleasant Run 
Road. The Eagle EP AC 300 controller with minor movement actuation and internal time 
base coordinator was selected for this project. The intersections were controlled by a 
mixture of pre timed and fully actuated controllers. The intersections had between tWo and 
six signal phases. 

. In order to evaluate the system performance, the "before" TI..S traffic conditions were 
... monitored and various field data were collected. The data included traffic volumes, travel 

.-.times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
" :=·an operating cost study. Optimum cycle lengths were determined using PASSER II-87 for 

the "after" conditions for each of the morning, afternoon, and off-peak periods. Minor 
modifications to clearance interval and minor movement timing were made in the field to 

.· eonform to driving habits in DeSoto as motorists became familiar with the operation of the 
new signals. 

Based on PASSER II-87 simulation, the project resulted in an estimated $986,800 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 6,098,100 stops (an 18.6 percent 
reduction), a total annual fuel savings of 117,195 gallons (a 13.7 percent reduction), and a 
delay annual savings of 78,428 veh-hrs (a 31.2 percent reduction). No statistical analyses 

·were carried out on travel times due to a limited sample size. The average system speed 
from the travel time studies after the new signal timing was implemented were compared 
to the progression band speed predicted by PASSER II and found to be in close agreement. 
The before-field data was not compared to the predictions of a PASSER II simulation 
because of a lack of a uniform system cycle length. Minimal difficulties were experienced 
with the operation of the PASSER II program. The main problem was the complexity of 
the input coding scheme. Further work should be carried out in this area to simplify the 
coding process through such means as interactive preprocessers, data bases or similar 
methods. The total cost of the project was $56,279, and the resultant benefit to cost ratio 
was 18 to 1. 

DeSoto, Texas Hampton 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

12251 9981 112.5 70;4 315.3 264.3 
6805 5499 44.4 31.9 179.8 157.8 

13702 11300 115.6 83.5 356.8 307 
2270 42.1 51 
1306 12.5 22 
2402 32.1 49.8 

2.5 2.5 2.5 
8 8 8 

1.75 1.75 1.75 
5675 105.25 127.5 

10448 100 176 
. 4204 56.17 87.15 
20327 261.43 390.65 

$0.014 $10.00 $1.00 

$85,371 $784,275 $117,195 

$56,279 TOTAL ANNUAL SAVINGS: $986,841 

17.53 

Hampton 
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Santa Fe 

The City of Duncanville Department of Public Works and Transportation worked on 
the following project. A total of seven (7) signalized intersections were included in this 
traffic signal network at spacing that varied between 1,000 feet and 2,850 feet. Prior to this 
study, all the seven intersections were operating in isolated mode. The attached figure 
shows the project network system, cross streets, and link distances. 

The signals in this system were controlled by four ( 4) new NAZTEC 900 controllers. 
The other three intersections were controlled by the existing Eagle DP 9000 controllers. 
Each controller was installed with time base coordination capabilities. Six intersections were 
controlled by fully actuated controllers. The intersection at Davis was controlled by semi­
actuated controllers. The intersections had between two and six signal phases. 

In order to evaluate the system performance, the "before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. The average daily traffic on this network was between 2,587 and 
19,228 vehicles. Optimum signal phasing patterns and intersection offsets were determined 
using PASSER II-87 for the "after" conditions for each of the morning, afternoon, and off­
peak periods. Cycle lengths for each peak period were dictated by the cycle lengths of the 
major cross streets. The new cycle lengths for the AM, Off, and PM peak periods were 90, 
72, and 100 seconds long, respectively. Except Santa Fe/Danieldale and Main/Camp 
Wisd~m, all other intersections were able operate under these cycle lengths. 

Based on PASSER ll-87 and TRANSYT-7F simulations, the project resulted in an 
estimated $37,195 savings per year on total operating cost, a direct benefit to motorists using 
these routes. This operating cost savings included a total savings of 618,300 stops (a 4.1 
percent reduction), a total annual fuel savings of 3,609 gallons (a 1.1 percent reduction), and 
a delay annual savings of 2,493 veh-hrs (a 2.0 percent reduction). Travel times were 
reduced in the range of 3.6 to 13 percent for the northbound traffic and in the range of 6% 
to 17 percent for the southbound traffic. Coordination was achieved between all the 
intersections except Main at Camp Wisdom during Off peak and at Santa Fe and Danieldale 
during the AM and PM peaks. Coordination was not achieved at these locations during 
these times due to the fact· that each intersection was part of a major east/west signal 
system. Progression was increased along Main Street and Santa Fe Trail for both the 
northbound and southbound traffic. The total cost of the project was $18,021 and the 
resultant benefit to cost ratio was 2 to 1. 

Duncanville, Texas Santa Fe 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 5720 5582 50.21 47.42 126.29 123.5 
HOURLY OFF 3356 3197 25.36 23.2 70.68 68.82 
VALUES PM 7659 7376 72.19 82.4 167.66 173.59 

AM 138 2.79 2.79 
DIFFERENCES OFF 159 2.16 1.86 

PM 283 -10.21 -5.93 
AM 1.5 1.5 1.5 

HRS/DAY OFF 9 9 9 
PM 1.5 1.5 1.5 

- AM 206 4.18 4.19 
DAILY OFF 1430 19.44 16.74 

PM 425 -15.32 -8.90 
TOTAL 2061 8.31 12.03 

. UNITVALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $8,656 $24,930 $3,609 

PROJECT COST: $18,021 TOTAL ANNUAL SAVINGS: $37,195 

BENIFIT/COST RATIO: 2.06 

Duncanville, Texas Santa Fe 
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Main Street 

The City of Euless, District 2 Traffic Office of TxDOT, and DeShazo, Starek & Tang, 
Inc. worked on the following project. Main Street is a north-south arterial and consists of 
five intersections and one diamond interchange. The attached map illustrates the project 
network, cross streets, and link distances. 

While PASSER II -87 was used to develop signal timings for intersections, PASSER 
ill-88 was used to develop signal timings at the diamond interchange. The phasing pattern 
selected at the interchange was TTl-Lead phase. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before the implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Fifteen minute 
volumes were collected for peak and off-peak periods. Saturation flow rates, lost time, and 
extension of effective green were estimated using the PASSER II assistant key. Floating test 
car method was used to collect average link travel times and delays. 

Implementing the improved signal timings resulted in a total savings of about 1.6 
million dollars. These savings were in the form of 2.36 million fewer stops (a reduction of 
12.6 percent), 130,740 fewer hours of delay (a reduction of 51 percent), and 330,765 gallons 
of fuel savings (a savings of 37.5 percent) in an year. Travel times generally decreased in 

.. all the directions but more so in the morning peak. The total cost of the project was about 
· $28,518 with a benefit to cost ratio of 58 to 1. 

Euless, Texas Main Street 
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:- {··· 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 
.· 

- AM 5412 3675 104 28 379.5 136.9 
HOURLY OFF 6187 5878 78.9 45.5 141.2 186.8 
VALUES PM 2218 1662 17.3 12.5 399.8 73.7 

AM 1737 76 242.6 
DIFFERENCES OFF 309 33.4 -45.6 

PM 556 4.8 326.1 
AM 2.5 2.5 2.5 

HRS/DAY -OFF 7 7 7 ... 
PM 2.5 2.5 2.5 

-... - AM. 4343 -, 190 606.5 
. DAILY OFF 2163 233.8 -319.2 

.... ·-· PM 1390 12 815.25 
TOTAL 7896 435.8 1102.55 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $33,161 $1,307,400 $330,765 

PROJECT COST: $28,518 TOTAL ANNUAL SAVINGS: $1,671,326 

BENIFIT/COST RATIO: 58.61 

Euless, Texas Main Street 
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Mockingbird/Preston 

The staff of the town of Highland Park worked with Kimley-Hom and Associates on 
the following project. The signal timings of two major arterials, Mockingbird Lane and 
Preston Road, were improved under this project. The attached map displays the project 
network system, cross streets, and link distances. 

Thirteen intersections were included as part of this project. Mockingbird Lane is an 
east-west street which runs along the corporate limits of the town of Highland Park and the 
City of University Park. The street is a four lane facility in the east end of the project. 
However, west of Hillcrest, the four lanes reduce to two lanes. At most signalized 
intersections, a left tum bay is provided. Before the completion of the project, only two 
intersections were coordinated via time clocks using a 70 second cycle length. The speeds 
on the arterial were about 30-35 mph. Preston Road is a north-south arterial and has a 
four-lane undivided cross section. It has commercial development at the intersection with 
Mockingbird Lane. Left-turn bays are provided at the intersections of Mockingbird Lane 
and Beverly Drive. Unique geometry of the Preston Rd./Oak Lane Ave./Armstrong St. 
intersection required a unique phasing. All of the intersections are pretimed except the 
intersection of Mockingbird Lane and Hillcrest, which is actuated. Between two and four 
phases are used at these intersections. 

"' In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Hourly volumes were 
collected for the four peak periods. Saturation flows were estimated in the field by using 
the method suggested in the TLS PASSER II training manuals. The test car method was 
used to collect link travel times, average number of stops, and the stop locations. 

PASSER 11-87 simulation model was employed to optimize the phase splits and 
estimate delays. Implementing the new signal timings resulted in a total annual savings of 
about 4.1 million dollars to the motorists using these routes. The number of stops decreased 
by about 5.9 million (a decrease of about 11 percent), there were about 370,500 fewer hours 
of delay (a reduction of 30.5 percent), and there was a fuel savings of about 300,000 gallons 
(a reduction of about 17.5 percent) in a year. The travel times significantly decreased in all 
the time periods in almost all the directions. Travel times on Preston in the north bound 
direction indicated a marginal increase. The total cost of the project was $82,500 and the 
benefit to cost ratio was 50 to 1. 

Highland Park, Texas Mockingbird/Preston 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 25206 18082 251.02 190.67 484.27 392.08 
HOURLY OFF 19596 21871 278.47 272.20 455.37 477.60 
VALUES PM 36692 21392 928.86 393.64 1056.51 573.09 

AM 7124 60.35 92.19 
DIFFERENCES OFF -2275 6.27 -22.23 

PM 15300 535.22 483.42 
AM 2 2 2 

HAS/DAY OFF 7 7 7 
PM-··· 2 2 2 
AM 14248 120.69 184.38 

DAILY OFF -15925 43.90 -155.61 
PM 30600 1070.44 966.84 

TOTAL 28923 1235.04 995.61 
- .. -

•' 
~ ""•• < •- r ··-· ' UNIT VALUES --·-··. $0.014 $10.00 $1.00 

·---:-

ANNUAL SAVINGS 
'· 

$121,477 $3,705,120 $298,683 

PROJECT COST: $82,500 TOTAL ANNUAL SAVINGS: $4,125,280 

BENIFIT/COST RATIO: 50.00 

Highland Park, Texas Mockin?):Jird/Preston · 
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Hurst Boulevard 

The City of Hurst worked with Traffic Engineers, Inc. and Barton-Aschman, Inc. on 
the following project. Hurst Boulevard is an east-west arterial. The project section has 
eig!lt intersections covering a distance of 3.3 miles. The attached map displays the project 
network system, cross streets, and link distances. 

While two of these intersections were coordinated, the rest were operating as isolated 
fully actuated intersections. Most of the controllers operating at these intersections were 
Safetran 2000 controllers. Since the existing controllers were limited in their coordination 
capabilities, new Naztek 900 controllers were installed at all intersections. Capacity 
problems existed at three of the intersections in the system. Geometric modifications 

: needed to be made at these intersections to alleviate the capacity problems. Hence, during 
:the PM peak, these three intersections were programmed to operate in an isolated actuated 
mode. The presence of a parking lot in front of the Bell Helicopter facility close to the 

· intersection at Bellaire Drive was resulting in heavy pedestrian traffic. Hence, an exclusive 
pedestrian phase of 30 seconds was included in the phasing plan at this intersection. 

In order to evaluate the system performance, traffic conditions were monitored and 
. various data were collected before implementation of any changes. This data was in the 
· ·form of traffic volumes, saturation flow rates, travel times, and delays. Hourly volumes were 

collected for the four peak periods. Saturation flows were estimated in the field by using 
· ·the method suggested in the TLS PASSER II and PASSER III training manuals. The test 

car method was used to collect link travel times, average number of stops, and the stop 
locations. 

PASSER II-87 simulation model was employed to optimize the phase splits and 
estimate delays. Implementing the new signal timings resulted in a total annual savings of 
about $124,049 to the motorists using this route. While the number of stops decreased by 
about 1.47 million (a decrease of about 4.7 percent), and there were about 10,542 fewer 
hours of delay (a reduction of 4.0 percent), there was a slight increase in the fuel 
consumption of 2,000 gallons (an increase of under 1 percent) in an year. Progression was 
achieved in both the peak hours. There can be a more significant improvement in the travel 
conditions if geometric improvements were made at the three intersections. The total cost 
of the project was $46,842 and the benefit to cost ratio was 2 to 1. 

Hurst, Texas Hurst Boulevard 
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-.·":·:.r. 
·-:. !. ----·---! 

-

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

• < ·. { . 

~- < 

<< 

., 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 1noo 15676 228.1 171.91 553.15 532.65 
HOURLY OFF 6061 6061 33.2 33.2 183.15 183.15 

_VALUES NOON 7931 6906 48.9 62.9 234.45 242.94 
PM 17527 16286 215.6 220.3 537.99 550.43 

< -
AM 2024 56.19 . 20.5 

DIFFERENCES Ol=F 0 0 0 
·--1 

NOON 1025 -14 -8.49 
PM 1241 -4.7 -12.44 
AM 1 1 1 

-.HAS/DAY OFF 8.5 8.5 8.5 
,-. NOON 1 1 1 

'. - ::.?_;_;, PM 1.5 1.5 1.5 
AM 2024 56.19 20.5 

" 
·-·"' 

DAILY OFF 0 0 0 :_, 1 

·· .. TOTALS NOON 1025 -14 -8.49 
PM 1862 -7.05 -18.66 

TOTAL 4911 35.14 -6.65 

UNIT VALUES $0.014 $10.00 $1.00 

--

ANNUAL SAVINGS $20,624 $105,420 ($1,995) 
« 

PROJECT COST: $46,842 TOTAL ANNUAL SAVINGS: $124,049 
-

BENIFIT/COST RATIO: 2.65 

Hurst, Texas Hurst Boulevard 
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Pipeline Road 

The City of Hurst worked with Traffic Engineers, Inc. and Barton-Aschman, Inc. on 
the following project. Five intersections covering a distance of 1.14 miles were included in 
the project of Pipeline Road. The attached map displays the project network system, cross 
streets, and link distances. 

While two of the intersections are coordinated, the rest are operating as isolated 
intersections. These intersections were controlled by either EP AC 300 or TRANSYT 1880 
controllers. As part of the improvements, new controllers were installed so that all 
intersections had EP AC 300 controllers. All the intersections were using four phases before 
and after the improvements. All of these intersections were equipped with pedestrian 
controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. Hourly volumes were 
collected for the four peak periods. Saturation flows were estimated in the field by using 
the method suggested in the TLS PASSER II and PASSER III training manuals. The test 
car method was used to collect link travel times, average number of stops, and the stop 
locations. 

PASSER II-87 simulation model was employed to optimize the phase splits and 
estimate delays. Implementing the new signal timings resulted in a total annual savings of 
about $99,758 to the motorists using this route. The number of stops decreased by about 
580,000 (a decrease of about 43 percent), there were about 8,000 fewer hours of delay (a 
reduction of 11.8 percent), and there was a fuel savings of about 10,800 gallons (a reduction 
of about 4.1 percent) in a year. Progression was achieved in both directions. The overall 
service conditions of Pipeline Road have significantly improved after the retiming project. 
The total cost of the project was $26,000 and the benefit to cost ratio was 4 to 1. 

Hurst, Texas Pipeline Road 



Traffic Light Synchronization I Page G-33 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 4333 3803 23.4 18.4 81.62 73.63 
HOURLY OFF 2541 2472 11.2 10.7 53.81 53.03 
VALUES NOON 4733 4285 24 20.6 92.76 86.7 

PM 7494 7655 44.7 38.6 133.67 129.4 
AM 530 5 7.99 

DIFFERENCES OFF 69 0.5 0.78 
NOON 448 3.4 6.06 

PM -161 6.1 4.27 
AM 1.5 1.5 1.5 

HRS/DAY OFF 7 7 7 
NOON 2 2 2 

PM 1.5 1.5 1.5 
AM 795 7.5 11.985 

DAILY OFF 483 3.5 5.46 
TOTALS NOON 896 6.8 12.12 

PM -242 9.15 6.405 
TOTAL 1933 26.95 35.97 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $8,117 $80,850 $10,791 

PROJECT COST: $25,920 TOTAL ANNUAL SAVINGS: $99,758 

BENIFIT/COST RATIO: 3.85 

Hurst, Texas Pipeline Road 
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US281 

The District 14 Traffic Office of TxDOT worked on the following project A total 
of seven (7) signalized intersections were included in this traffic signal network at spacing 
that varied between 390 feet and 2,275 feet. The two major arterials US 281 and RM 1431 
were included in this network. Prior to this study, the signals were not coordinated and 
congestion was most pronounced during the morning and evening peak periods. The flow 
in the Off-peak period was also significant due to the location of various restaurants in the 
area The attached figure shows the project network system, and cross streets. 

All the electromechanical controllers in this system were replaced by new signal 
controllers. Each controller was installed with time base coordination capabilities. All the 
intersections were controlled by pretimed controllers. The intersection at RM1431/US281 
was not equipped with pedestrian controls. Other intersections were equipped with 
pedestrian controls. The intersections had between two and four signal phases. 

In order to evaluate the system performance, the ''before" 1LS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Three floating car studies were performed on each link in both 
directions during each period in order to obtain the mean travel time. Optimum cycle 
lengths were determined using PASSER II-90 for the "after" conditions for each of the 
morning, evening, and off-peak periods. The new cycle lengths used for the AM, PM, and 
Off peak periods were 85, 90, and 90 seconds long, respectively. The phasing of RM 1431 
and US 281 was modified according to the PASSER II-90 results. Minor changes were 
made to various offsets. These revised offsets were simulated using PASSER II-90 to obtain 
the final measures of effectiveness used in the evaluation. 

Based on PASSER II-90 simulation, the project resulted in an estimated $660,000 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 8,856,600 stops (a 28.7 percent 
reduction), a total annual fuel savings of 116,289 gallons (a 23.0 percent reduction}, and a 
delay annual savings of 41,985 veh-hrs (a 26.4 percent reduction). No statistical analyses 
were performed on the travel time data due to the limited sample sizes. Traffic flow 
improved with the synchronization of the traffic lights. The total cost of the project was 
$30,041 and the resultant benefit to cost ratio was 22 to 1. 

Marble Fails, Texas us 281 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 8393 6084 42.6 32.3 134.69 101.71 
HOURLY OFF 9235 6579 46.8 34.6 151.75 117.51 
VALUES PM 10561 7492 57.2 40.7 173.38 132.7 

AM 2309 10.3 32.98 
. DIFFERENCES OFF 2656 12.2 34.24 

PM 3069 16.5 40.68 
AM 1.5 1.5 1.5 

HAS/DAY. OFF 7.5 7.5 7.5 
PM 2 2 2 
AM 3464 15.45 49.47 

·. DAILY OFF 19920 91.5 256.8 
PM 6138 33 81.36 

TOTAL 29522 139.95 387.63 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $123,990 $419,850 $116,289 

PROJECT COST: $30,041 TOTAL ANNUAL SAVINGS: $660,129 

BENIFIT/COST RAllO: 21.97 

?le Falls, Texas us 281 
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Central Business District 

The City of Mineral Wells Department of Public Works and Transportation worked 
on the following project. The study network comprised of three (3) main streets within the 
City of Mineral Wells. A total of eight (8) signalized intersections were included in this 
traffic signal network at spacing that varied between 274 feet and 1,548 feet. Prior to this 
study, a single timing plan was utilized throughout the day. A 70 second cycle length was 
used at each pretimed intersection with the exception of Oak Avenue and NW 2nd Street, 
which had a 65 second cycle. The attached figure shows the project network system, cross 
streets, and link distances. 

The signals in this system were controlled by seven (7) new NAZTEC 900 traffic 
signal controllers. Each controller was installed with internal time base coordination 
capabilities. Except Oak/SW 7th Street, all other intersections were controlled by pretimed 
controllers. The intersection at Oak/SW 7th Street was controlled by actuated controller. 
All intersections were equipped with pedestrian controls. 

In order to evaluate the system performance, the "before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using TRANSYT-7F for 
the "after" conditions. A single timing plan was developed for the entire day because the 
vehicular travel patterns and directional distributions were similar throughout the day. A 
coupling analysis was conducted to estimate potential benefits of coordinating each 
intersection. The intersection at Oak/7th Street was fully actuated and was not coordinated 
with the system. For all other intersections, the cycle length used for the "after" conditions 
was 65 seconds long. The implementation of the signal timings required fine tuning in the 
field. These timings were found to operate well. 

Based on TRANSYT-7F simulation, the project resulted in an estimated $209,000 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 1,623,000 stops (a 11.7 percent 
reduction), a total annual fuel savings of 19,458 gallons (a 7.2 percent reduction), and a 
delay annual savings of 16,698 veh-hrs (a 18.3 percent reduction). Travel times were 
reduced in the range of 6.81 to 19.3 percent. Progression was increased for both the 
northbound and southbound traffic along Oak Avenue. The results of coupling analysis 
showed a probability of benefits in coordinating the signals. Coordination was achieved 
between all the intersections except Oak at 7th, where coordination was not warranted. The 
total cost of the project was $35,383 and the resultant benefit to cost ratio was 6 to 1. 

Mineral Wells, Texas Central Business District 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

NOON 4141 3651 27.45 22.52 80.57 74.75 

HOURLY OFF 3785 3353 24.19 19.64 72.42 67.19 
VALUES PM 4444 3844 34.23 29 90.14 83.4 

NOON 490 4.93 5.82 
DIFFERENCES OFF 432 4.55 5.23 

PM 600 5.23 6.74 

NOON 1 1 1 

HRS/DAY OFF 10 10 10 

PM 1 1 1 

NOON 490 4.93 5.82 

DAILY OFF 4320 45.5 52.3 

PM 600 5.23 6.74 
TOTAL 5410 55.66 64.86 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $22,722 $166,980 $19,458 

PROJECT COST: $35,383 TOTAL ANNUAL SAVINGS: $209,160 

BENIFIT/COST RATIO: 5.91 

Mineral Wells, Texas Central Business District 
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Green Avenue (BU 90Y) 

The District 20 Traffic Office of TxDOT worked on the following project. BU 90Y 
is an east-west business route in the central east section of the city. The characteristics 
affecting the traffic flow along the arterial are museums, historical churches, Lamar 
University etc. The attached map displays the project network system, cross streets, and link 
distances. 

The old traffic signal system along BU 90Y consisted of seven interconnected and 
two isolated signalized intersections. A hardwire interconnect tied the seven 
electromechanical three dial controllers. However, only one dial was being used to operate 
the seven intersections. All the intersections were operating in a pretimed mode. Between 
two and five phases were being used. None of the intersections except the intersection at 
13th street had pedestrian controls. All the intersections except one had Kentron-KST 
controllers. The isolated intersection at 16th street was being operated by a Naztek 900 
controller. The modifications to the signal system involved eliminating signals at four 
intersections. Hence, four intersections with synchronized signals and one isolated 
intersection were being operated. N aztek 900 controllers were installed at all the 
intersections. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. While 15 minute 
volumes were collected for peak periods, hourly volumes were collected for the off-peak 
periods. Saturation flows were estimated in the field by using the method suggested in the 
TLS PASSER II training manuals. The volumes indicated that the volumes in the PM peak 
were far larger than the volumes during the rest of the day. Test car method was used to 
collect data about link travel times, average number of stops, and the stop locations. 

PASSER II-87 simulation model was employed to optimize the phase splits and 
estimate delays. Implementing the new signal timings resulted in a total annual savings of 
about 1.5 million dollars to the motorists using this route. The number of stops decreased 
by about 3.65 million (a decrease of about 28.5 percent), there were about 138,720 fewer 
hours of delay (a reduction of 80 percent), and there was a fuel savings of about 121,107 
gallons (a reduction of about 47 percent) in an year. It is observed that there is a very large 
improvement in the traffic conditions during the PM peak. This has occurred because the 
volumes in the PM peak were significantly higher than the other times of the day. The 
elimination of signals at four intersections also contributed significantly to the improvement 
in the travel conditions. There was a significant reduction in the travel times. While the 
travel times in the east bound direction decreased by about 33 to 68 percent, the travel 
times in the west bound directions decreased by 20 to 45 percent. The total cost of the 
project was $31,000 and the benefit to cost ratio was 50 to 1. 

Orange. Texas Green Avenue (BU 90Y) 
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STOPS TOTAL SYSTEM FUEL (gals) 

DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 2067 1930 11.1 7.4 34.57 31.06 
HOURLY OFF 4584 2942 71.5 10.7 96.72 43.33 
VALUES PM 3233 3030 26.7 12 53.97 42.5 

AM 137 3.7 3.51 
DIFFERENCES OFF 1642 60.8 53.39 

PM 203 14.7 11.47 
AM 2 2 2 

HRS/DAY OFF 7 7 7 
PM 2 2 2 
AM 274 7.4 7.02 

· DAILY OFF 11494 425.6 373.73 
PM 406 29.4 22.94 

TOTAL 12174 462.4 403.69 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $51,131 $1,387,200 $121,107 

PROJECT COST: $31,147 TOTAL ANNUAL SAVINGS: $1,559.438 

BENIFIT/COST RATIO: 50.07 

Orange, Texas Green Avenue (BU 90Y) 
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RM620 

The Traffic Engineering personnel of the City of Round Rock worked with the 
District 14 Traffic Office of TxDOT on the RM 620 project. Five intersections including 
a diamond interchange with IH 35 were included in this project. The attached map displays 
the project network system, cross streets, and link distances. 

RM 620 is one of the major arterials running in the east-west direction in the town 
of Round Rock. RM 620 west of IH 35 has five lanes with a continuous two way left-tum 
lane and is located in a school zone. Flashing beacons are activated during the peak 
periods. Hence, there is a significant variation in speeds in the peak periods. The land use 
is predominantly residential. East of IH 35, RM 620 is a two lane two-way roadway and has 
a lot of commercial and office development. Hence, congestion is most pronounced in the 
peak hours. All five intersections in the project are completely actuated. They use between 
two and five phases. Only the intersection with LakeCreek Dr. ha.s pedestrian controls. 
Controllers at two of the intersections do not have the capability to operate in a coordinated 
manner. Hence, they had to be replaced with newer controllers. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before the implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. While 15 minute 
volumes were collected for peak periods, hourly volumes were collected for the off-peak 
periods. Saturation flows were estimated in the field by using the method sugges~ed in the 
Tl.S PASSER IT and PASSER m training manuals. The test car method was used to collect 
·data about link travel times, average number of stops, and the stop locations. 

PASSER ill was initially used to obtain signal timings for the diamond interchange. 
The same timings were used in PASSER II -87 simulation model to optimize the phase splits, 
obtain offsets, and estimate delays for the arterial. However, these timings were found to 
impede progression as a large cycle length was required at the intersection with Chisholm 
Trail. Hence, PASSER IT optimization process was used to obtain the optimum cycle 
lengths for the various time periods. Based on field observations, minor fine tuning of the 
timings were done. Implementing the new signal timings resulted in a total annual savings 
of about 13 million dollars to the motorists using this route. The delays decreased by about 
110,000 hrs (a decrease of about 40 percent), there were about 7.8 million fewer number 
of stops (a reduction of 23.6 percent), and there was a fuel savings of about 144,000 gallons 
per year (a reduction of about 15.6 percent). There were significant reductions in the travel 
times in a few links. The links between Mays and IH 35 and IH 35 and Chisholm Trial 
showed reductions in the travel times of about 53 seconds and 45 seconds, respectively. The 
total cost of the project was $12,151 and the benefit to cost ratio was 110 to 1. 

Round Rock, Texas RM620 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM-SCHOOL 7640 6162 43.6 31.1 198.36 176.73 
·HOURLY AM PEAK 7640 6483 43.6 31.7 207.6 187.6 

VALUES OFF.SCHOOL 8410 5646 93.4 31.5 231.54 162.74 
OFF PEAK 8410 5613 93.4 34.5 242.11 168.92 

PM-SCHOOL 9883 8026 66.9 65.8 264.86 248.29 
PM PEAK 9883 8034 66.9 65.8 278.46 272.78 

AM-SCHOOL 1478 12.5 21.63 
DIFFERENCES AM PEAK 1157 11.9 20 

OFF.SCHOOL 2764 61.9 68.8 
OFF PEAK 2797 58.9 73.19 

PM-SCHOOL 1857 1.1 16.57 
PM PEAK 1849 1.1 5.68 

AM-SCHOOL 2 2 2 
HAS/DAY AM PEAK 2.5 2.5 2.5 

OFF.SCHOOL 2.25 2.25 2.25 
OFF PEAK 2.75 2.75 2.75 

PM-SCHOOL 1 1 1 
PM PEAK 2.5 2.5 2.5 

AM-SCHOOL 2956 25 43.26 
DAILY AM PEAK 2893 29.75 50 

OFF.SCHOOL 6219 139.28 154.8 
OFF PEAK 7692 161.98 201.27 

PM-SCHOOL 1857 1.1 16.57 
PM PEAK 4623 2.75 14.2 
TOTAL 26239 360 480 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVING $110,203 $1,079,550 $144,031 

PROJECT COST: $12,151 TOTAL ANNUAL SAVINGS: $1,333,784 

BENIFfT/COST RATIO: 1os.n 

Round Rock, Texas RM620 
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Central Business District 

The City's Traffic Signals Unit were assisted by the Texas Department of 
Transportation to work on the following project. The project is located in the central 
business district of the City of San Marcos. The network consisted of 26 intersections on 
a number of arterials running across the city. The attached map displays the project 
network system and cross streets. 

While most of the major streets in the network are four-lane undivided, the minor 
streets are mostly two-lane undivided roadways. Congestion is most pronounced in the 
morning peak and the evening peak due to the presence of the several businesses, 
manufacturing plants, and educational institutions. However, the flow is also significant in 
the off-peak period due to the location of Southwest Texas State University in the center 
of the city. 

The system consisted of 25 signalized intersections and an intersection with a four­
way stop control. Eleven of the controllers located in the heart of the city were connected 
to the master controller. Eight of the controllers were not TBC compatible and had to be 
replaced. While five of the intersections were under actuated control, the remaining were 
under pretimed control. The controllers were using between two and four phases. Fourteen 
intersections were equipped with pedestrian controls. 

In order to evaluate the system performance, traffic conditions were monitored and 
various data were collected before implementation of any changes. This data was in the 
form of traffic volumes, saturation flow rates, travel times, and delays. The assistant key was 
used in PASSER IT-90 to estimate the saturation flow rates, lost times, and the effective 
green. The test car method was used to collect link travel times, average number of stops, 
and the stop locations. 

PASSER IT-90 simulation model was employed to obtain the phase splits and offsets 
for two arterials. An optimum cycle length of 75 seconds for the AM and the off-peak 
periods and 85 seconds for the PM peak was obtained from PASSER IT. These timings 
were then coded into TRANSYT- 7F program to obtain the optimum timings for the 
network. Minor fine tuning of the splits and offsets was done to improve the progression. 
Implementing the new signal timings resulted in a total annual savings of about 10.8 million 
dollars to the motorists using the CBD network. The number of stops decreased by about 
8.57 million (a decrease of about 9.36 percent), there were about 1.05 million fewer hours 
of delay (a reduction of 42 percent), and there was a fuel savings of about 324,000 gallons 
(a reduction of 12 percent) in an year. The average travel times decreased significantly on 
most of the links. There were very few links which indicated an increase in the travel time. 
The total cost of the project was $41,687 with a benefit to cost ratio of 261 to 1. 

San Marcos, Texas Central Business District 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 18581 18439 333 175 415 413 
HOURLY OFF 30359 26851 868 467 918 764 
VALUES PM 27693 25832 789 608 843 844 

AM 142 158 2 
DIFFERENCES OFF 3508 401 154 

PM 1861 181 -1 
AM 2 2 2 

- HRS/DAY OFF 7 7 7 
PM 2 2 2 
AM 284 316 4 

DAILY OFF 24556 2807 1078 
PM 3722 362 -2 

TOTAL 28562 3485 1080 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $119,960 $10,455,000 $324,000 

PROJECT COST: $41,687 TOTAL ANNUAL SAVINGS: $10,898,960 

BENIFIT/COST RATIO: 261.45 

San Marcos, Texas Central Business District 
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SH 95 System 

The District 14 Traffic Office of TxDOT worked on improving traffic signal timing 
on SH 95 and Business 79 (2nd and 4th Streets). The City of Taylor's 1990 population rose 
eight percent from its 1980 census. SH 95 and Business 79 are the major arterials that run 
through this steadily growing city. Therefore, there is a need for traffic to flow in the most 

. safe and efficient manner possible. 

The predomin~t land use along US 79 and SH 95 is commercial and office 
development. Therefore, congestion is most pronounced during the morning and evening 
peak periods. The flow in the off-peak period is also significant due to the location of 
various restaurants in the area. 

The traffic signal network covered in this project includes seven intersections along 
SH 95 and two on Business 79, which are to be coordinated with SH 95. US 79 and SH 95 
are four-lane, undivided, two-way roadways; however, the intersection of SH 95 at Lake 
Drive has a continuous left turn bay. The attached map displays the project arterial and 
cross streets. 

The electromechanical controllers at each intersection were replaced with those that 
are time base coordinated. All the controllers are pretimed with two phases, except for the 

· SH, 95/Lake Dr. intersection which is three phased. None of the intersections had 
·- pedestrian controls. The outdated eight inch signal heads were upgraded to 12 inch. 

"Before" and "after" conditions of the study were monitored in order to evaluate the 
system's performance of the 1LS program. Basic traffic and intersection data (travel times 

· and travel delays at each node), signal phasing, vehicle turning movements, and saturation 
flow rates were required at each intersection. The vehicle turning movement counts and 
intersection data were taken by collecting data during actual field studies. The remaining 
information was obtained from data files. 

Based on the PASSER II-90 simulation, the project had an estimated total annual 
cost savings of $86,066. This operating cost savings included a total annual savings of 
3,284,071 stops (a 11.4 percent reduction), a total annual fuel savings of 25,539 gallons (a 
5.8 percent reduction), and a total annual delay savings of 1,455 veh-hrs (a 1.2 percent 
reduction). Visual observation indicates improved traffic flow and reduced congestion. 
Travel time decreased on an average of 3.5 minutes and the delay decreased by about 20 
percent. The total cost of the project was $61,188 and the resultant benefit to cost ratio was 
1 to 1. · 

Taylor, Texas SH 95 System 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 6997 6156 31.6 28.7 105.63 97.25 
HOURLY OFF 8861 7840 37.9 37.7 134.66 126.9 
VALUES PM 9344 8330 41 41.5 143.48 136.3 

AM 841 2.9 8.38 
DIFFERENCES OFF 1021 0.2 7.76 

PM 1014 -0.5 7.18 
AM 1.5 1.5 1.5 

HRS/DAY OFF 7.5 7.5 7.5 
PM 2 2 2 
AM 1262 4.35 12.57 

DAILY OFF 7658 1.5 58.2 
PM 2028 -1 14.36 

TOTAL 10947 4.85 85.13 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $45,977 $14,550 $25,539 

PROJECT COST: $61,188 TOTAL ANNUAL SAVINGS: $86,066 

BENIFIT/COST RATIO: 1.41 

Taylor, Texas SH95 System 
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lst/3rd 

The City of Temple Department of Public Works and Transportation worked on the 
following project. A total of eleven (11} intersections were included in this traffic signal 
network at spacing that varied between 370 feet and 4,215 feet. The attached figure shows 
the project network system, cross streets, and link distances. 

All controllers were modified to achieve time based coordination (TBC} capabilities. 
The existing master controllers were modified to become secondaries to operate on TBC 
mode. The intersections had between two and eight signal phases. 

In order to evaluate the system performance, the ''before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER ll-87 for 
the."after" conditions for each of the morning, evening, and off-peak periods. The optimum 
cycle lengths for the intersections were 60 and 65 seconds long, respectively. These timing 
plans were found to achieve better progression. 

Based on PASSER II-87 simulation, the project resulted in an estimated $557,329 
·savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 11,912,100 stops (a 21.7 percent 
reduction}, a total annual fuel savings of 24,109 gallons (a 1.4 percent reduction}, and a 
delay annual savings of 36,645 veh-hrs (a 12.7 percent reduction). The City intends to run 
new programs to tie all projects together and achieve better progression. The total cost of 
the project was $12,123 and the resultant benefit to cost ratio was 46 to 1. 

Temple, Texas lst/3rd 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 13357 10297 91.3 57.8 396.99 390 
. HOURLY OFF 9279 7163 45.3 41.9 288.53 284.43 

VALUES PM 13012 11466 80.4 67.6 395.64 391.42 
AM 3060 33.5 6.99 

DIFFERENCES OFF 2116 3.4 4.1 
PM 1546 12.8 4.22 
AM 1.5 1.5 1.5 

HAS/DAY OFF 15.5 15.5 15.5 
PM 1.5 1.5 1.5 
AM 4590 50.25 10.49 

DAILY OFF 32798 52.7 63.55 
" PM 2319 19.2 6.33 

.'", TOTAL 39707 . 122.15 80.36 

- UNITVALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $166,769 $366,450 $24,109 

PROJECT COST: $12,123 TOTAL ANNUAL SAVINGS: $557,329 

BENIFIT/COST RATIO: 45.97 

Temple, Texas lst/3rd 
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31st Street 

The City of Temple Department of Public Works and Transportation worked on the 
following project. A total of nine (9) intersections were included in this traffic signal 
network at spacing that varied between 387 feet and 3,840 feet. The attached figure shows 
the project network system, cross streets, and link distances. 

All controllers were modified to achieve time based coordination (TBC) capabilities. 
The existing master controllers were modified to become secondaries to operate on TBC 
mode. The intersections had between two and eight signal phases. 

In order to evaluate the system performance, the "before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER ll-87 for 
the "after" conditions for each of the morning, evening, and off-peak periods. The optimum 
cycle lengths for the intersections were 60 and 65 seconds long, respectively. These timing 
plans were found to achieve better progression. 

Based on PASSER ll-87 simulation, the project resulted in an estimated 6.18 million 
dollar savings per year on total operating cost, a direct benefit to motorists using these 
routes. This operating cost savings included a total savings of 28,598,100 stops (a 29.2 
percent reduction), a total annual fuel savings of 142,660 gallons (a 6.5 percent reduction), 
and a delay annual savings of 563,925 veh-hrs (a 53.0 percent reduction). The City intends 
to run new programs to tie all projects together and achieve better progression. The total 
cost of the project was $2,324 and the resultant benefit to cost ratio was 2660 to 1. 

Temple, Texas 31st Street 
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STOPS TOTAL SYSTEM FUEL {gals) 
DELAY {veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 20753 17926 181.5 139.2 463.45 454.19 
HOURLY OFF 15860 11374 151.2 78.1 370.74 348.98 
VALUES PM 32827 18458 620.3 164.8 559.91 4n 

AM 2827 42.3 9.26 
DIFFERENCES OFF 4486 73.1 21.76 

PM 14369 455.5 82.91 
AM 1.5 1.5 1.5 

HAS/DAY OFF 15.5 15.5 15.5 
PM 1.5 1.5 1.5 
AM 4241 63.45 13.89 

DAILY OFF 69533 1133.05 337.28 
PM 21554 683.25 124.36 

TOTAL 95327 1879.75 475.53 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $400,373 $5,639,250 $142,660 

PROJECT COST: $2,324 TOTAL ANNUAL SAVINGS: $6,182,284 

BENIFIT/COST RATIO: 2660.19 

Temple, Texas . 31st Street 
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57th Street 

The City of Temple Department of Public Works and Transportation worked on the 
following project. A total of five (5) intersections were included in this traffic signal 
network at spacing that varied between 355 feet and 3,570 feet. The attached figure shows 
the project network system, cross streets, and link distances. 

All controllers were modified to achieve time based coordination (TBC) capabilities. 
The existing master controllers were modified to become secondaries to operate on TBC 
mode. The intersections had between two and eight signal phases. 

In order to evaluate the system performance, the ''before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using TRANSYT-7F for 
the "after" conditions for each of the morning, evening, and off-peak periods. Due to 
volume on 57th Street and construction of intersections, good results were not obtained by 
PASSER II. Improvements were obtained when TRANSYT-7F was used for the AM 
period. TRANSYT -7F was easier to use even though each phase has to be an input 
Changing of phases for different runs gave better results than PASSER II. The optimum 
cycle lengths for the intersections were 60 and 65 seconds long, respectively. 

Based on TRANSYT-7F simulation, the operating cost increased by $415,787. This 
operating cost included a total savings of 1,514,400 stops (a 7.4 percent reduction) and a 
total annual fuel savings of 14,379 gallons (a 2.4 percent reduction). However, the total 
system delay increased along 57th Street by 45,136 veh-hrs (a 53.9 percent increase). The 
increase in the systems delay can be attributed to the fact that construction of intersections 
and streets was being carried out at the time of collecting the data. The City intends to run 
new programs to tie all projects together and achieve better progression. The total cost of 
the project was $7,692 and the resultant benefit to cost ratio was -54 to 1. 

Temple, Texas 57th Street 



Traffic Light Synchronization I Page G-60 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 4932 3976 49.28 23.85 116 91.18 
HOURLY OFF 3609 3231 11.3 21.6 102.27 102.05 
VALUES PM 3455 4952 20.2 39.5 141.71 136.85 

AM 956 25.43 24.82 
DIFFERENCES OFF 378 -10.3 0.22 

PM -1497 -19.3 4.86 
AM 1.5 1.5 1-.5 

HRS/DAY OFF 15.5 15.5· 15.5 
PM 1.5 1.5 1.5 
AM 1434 38.15 37.23 

DAILY OFF 5859 -159.65 3.41 
PM -2246 -28.95 7.29 

TOTAL 5048 -150.46 47.93 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $21,200 ($451,365) $14,379 

PROJECT COST: $7,692 TOTAL ANNUAL SAVINGS: ($415,787) 

BENIFIT/COST RATIO: -54.06 

Temple, Texas 57th Street 
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Avenue H 

The City of Temple Department of Public Works and Transportation worked on the 
following project. A total of four (4) intersections were included in this traffic signal 
network at spacing that varied between 1,119 feet and 3,962 feet. The attached figure shows 
the project network system, cross streets, and link distances. 

All controllers were modified to achieve time based coordination (TBC) capabilities. 
The existing master controllers were modified to become secondaries to operate on TBC 
mode. The intersections had between two and eight signal phases. 

In order to evaluate the system performance, the "before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER II-87 for 
the "after" conditions for each of the morning, evening, and off-peak periods. The optimum 
cycle lengths for the intersections were 60 and 65 seconds long, respectively. These timing 
plans were found to achieve better progression. 

Based on PASSER II-87 simulation, the project resulted in an estimated $95,700 
savings per year on total operating cost, a direct benefit to motorists using these routes. 
This operating cost savings included a total savings of 3,055,200 stops (a 12.7 percent 
reduction), a total annual fuel savings of 7,606 (a 1.0 percent reduction), and a delay annual 
savings of 4,530 veh-hrs (a 3.3 percent reduction). The City intends to run new programs 
to tie all projects together and achieve better progression. The total cost of the project was 
$5,520 and the resultant benefit to cost ratio was 17.33 to 1. 

Temple, Texas AvenueH 



Traffic Light Synchronization I Page G-63 

STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 5439 4813 31.8 28.8 169.83 167.69 
HOURLY OFF 4190 3598 23.1 22.6 132.63 131.27 
VALUES PM 4661 4615 33.5 31.6 164.19 163.48 

AM 626 3 2.14 
DIFFERENCES OFF 592 0.5 1.36 

PM 46 1.9 0.71 
AM 1.5 1.5 1.5 

HRS/DAY OFF 15.5 15.5 15.5 
PM 1.5 1.5 1.5 
AM 939 4.5 3.21 

DAILY OFF 9176 7.75 21.08 
PM 69 2.85 1.07 

TOTAL 10184 15.1 25.35 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $42,773 $45,300 $7,606 

PROJECT COST: $5,520 TOTAL ANNUAL SAVINGS: $95,679 

BENIFIT/COST RATIO: 17.33 

Temple, Texas AvenueH 



Traffic Light Synchronization I 

. .. ~ ....... 

-(\J 
\[) 
(]\ 

--· > --· '"- > ..... (Y) 

Temple, Texas 

Page G-64 

8th Street 

1st --Street 

25th Street 

31st Street 

AvenueH 



Traffic Light Synchronization I Page G-65 

Avenue M 

The City of Temple Department of Public Works and Transportation worked on the 
following project. A total of four (4) intersections were included in this traffic signal 
network at spacing that varied between 1,105 feet and 4,694 feet. The attached figure shows 
the project network system, cross streets, and link distances. 

All controllers were modified to achieve time based coordination (TBC) capabilities. 
The existing master controllers were modified to become secondaries to operate on TBC 
mode. The intersections had between two and eight signal phases. 

In order to evaluate the system performance, the ''before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER ll-87 for 
the "after" conditions for each of the morning, evening, and off-peak periods. The optimum 
cycle lengths for the intersections were 60 and 65 seconds long, respectively. These timing 
plans were found to achieve better progression. 

Based on PASSER ll-87 simulation, the project resulted in an estimated 1.01 million 
dollar savings per year on total operating cost, a direct benefit to motorists using these 
routes. This operating cost savings included a total savings of 10,159,500 stops (a 35.5 
percent reduction), a total annual fuel savings of 48,177 (a 3.9 percent reduction), and a 
delay annual savings of 81,945 veh-hrs (a 40.2 percent reduction). The City intends to run 
new programs to tie all projects together and achieve better progression. The total cost of 
the project was $5,076 and the resultant benefit to cost ratio was 199 to 1. 

Temple, Texas AvenueM 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTEP 

AM 5700 3697 37.1 23.9 257.19 
HOURLY OFF 4917 3206 32.4 21 216.63 
VALUES PM 7065 4172 80.7 29.6 268.96 

AM 2003 13.2 
DIFFERENCES OFF 1711 11.4 

PM 2893 51.1 
AM 1.5 1.5 

HRS/DAY OFF 15.5 15.5 
PM 1.5 1 

AM 3005 
DAILY OFF 26521 

-- ... 
.. PM 4340 
- - TOTAL 33865 

UNIT VALUES $0.014 

ANNUAL SAVINGS $142,231 

PROJECT COST: $5,076 TOT,.. 

BENIFIT/COST RATIO: 198.95 

Temple, Texas AvenueM 
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Central/ Adams 

The City of Temple Department of Public Works and Transportation worked on the 
following project. A total of seven (7) intersections were included in this traffic signal 
network at spacing that varied between 315 feet and 2,668 feet. The attached figure shows 
the project network system, cross streets, and link distances. 

All controllers were modified to achieve time based coordination (TBC) capabilities. 
The existing master controllers were modified to become secondaries to operate on TBC 
mode. The intersections had between two and eight signal phases. 

In order to evaluate the system performance, the ''before" TLS traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, travel 
times, signal timings and phasing, arterial data, intersection geometries, travel delays, and 
an operating cost study. Optimum cycle lengths were determined using PASSER II-87 for 
the "after" conditions for each of the morning, evening, and off-peak periods. The optimum 
cycle lengths for the intersections were 60 and 65 seconds long, respectively. These timing 
plans were found to achieve better progression. 

Based on PASSER II-87 simulation, the project resulted in an estimated 326 million 
doll~ savings per year on total operating cost, a direct benefit to motorists using these 
routes. This operating cost savings included a total savings of 13,576,200 stops (an 18.7 
percent reduction), a total annual fuel savings of310,467 gallons (an 18.7 percent reduction), 
and a delay annual savings of 276,400 veh-hrs (a 42.7 percent reduction). The City intends 
to run new programs to tie all projects together and achieve better progression. The total 
cost of the project was $10,374 and the resultant benefit to cost ratio was 315 to 1. 

Temple. Texas Central/Adams 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 17275 13553 329.86 93.47 522.36 318.37 
HOURLY OFF 12866 10581 94.28 63.84 279.25 238.77 
VALUES PM 17141 12994 226.77 103.55 442.83 320.86 

AM 3722 236.39 203.99 
DIFFERENCES OFF 2285 30.44 40.48 

PM 4147 123.22 121.97 
AM 1.25 1.25 1.25 

HRS/DAY OFF 15.5 15.5 15.5 
PM 125 1.25 1.25 
AM 4653 295.49 254.99 

DAILY OFF 35418 . 471.82 627.44 
PM 5184 154.03 152.46 

TOTAL 45254 921.33 1034.89 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $190,066 $2,763,998 $310,467 

PROJECT COST: $10,374 TOTAL ANNUAL SAVINGS: $3,264,530 

BENIFIT/COST RATIO: 314.68 

Temple, Texas Central/Adams 
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Highway US 82 

The City of Texarkana Engineering Department worked on improving traffic signal 
timing on Highway US 82. US 82 is one of the main arterials in Texarkana and it brings 
people into and out of the city from several communities and towns west of Texarkana. The 
section of the arterial that was studied has ten intersections. The major streets intersecting 
this arterial are five-lane including left-turn lanes. The minor streets are two-lane undivided 
roadways. Traffic is usually heaviest eastbound in the mornings and westbound in the 
evenings. The noon-hour traffic is equally distributed in both directions as is the off-peak. 
The ten cross streets are 14th, 16th, Texas, Spruce, Summerhill, Read./Crock, Milam, 
Smelser, Robison, and West./Bay. The controllers at each intersection are pretimed, with 
no pedestrian controls and various numbers of phases. The attached map displays the 
project arterial, cross streets, and link distances. 

"Before" and "after" conditions of the study were monitored in order to evaluate the 
system's performance of the TLS program. Basic traffic and intersection data (travel times 
and travel delays at each node), signal phasing, vehicle turning movements, and saturation 
flow rates were required at each intersection. The vehicle turning movement counts and 

· .. mtersection data were taken by collecting data during actual field studies for twelve hours 
each day. The remaining information was obtained from data files. 

The input data was coded into PASSER II and four input files were established. 
Approximately 92 runs were made to determine the best overall timing plans for the four 
periods of the day, AM, NOON, OFF, and PM. Five new cabinets and controllers with the 
existing times were installed so as not to disturb the normal traffic patterns. Offset changes 
were the only alterations from the original timing plans . Five offsets were changed in the 
Am Peak plan to facilitate traffic corning into the system on Summerhill Road, a major 
arterial. Only one offset was changed on the NOON Peak program, two on the PM Peak 
program and three on the OFF Peak program. All these changes were made to help traffic 
entering the system at Summerhill Road. 

Based on the PASSER II simulation, the project had an estimated total annual cost 
savings of $341,991. This operating cost savings included a total annual savings of 3,881,143 
stops (a 7.2 percent reduction), a total annual fuel savings of 18,479 gallons (a 1.6 percent 
reduction), and a total annual delay savings of26,918 veh-hrs (a 6.3 percent reduction). The 
travel time reduced approximately 30 percent. Visual observation indicates improved traffic 
flow and reduced congestion. The total cost of the project was $38,326 and the resultant 
benefit to cost ratio was 9 to 1. 

Texarkana, Texas Highway US 82 
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--
STOPS TOTAL SYSTEM FUEL (gals) 

DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 10287 9370 82.8 73.7 222.15 218.64 
HOURLY OFF 10712 10059 86.2 81.1 234.15 229.99 
VALUES NOON 11908 10806 92.3 86.2 259.29 255.87 

- PM 13815 12710 106.3 101.7 284.06 280.86 
AM 917 9.1 3.51 

DIFFERENCES OFF 653 5.1 4.16 
NOON 1102 6.1 3.42 

PM 1105 4.6 3.2 
AM 1.75 1.75 1.75 

HRS/DAY OFF 9.75 9.75 9.75 
NOON 2.25 2.25 2.25 

PM 2.25 2.25 2.25 
AM 1605 15.92 6.14 

DAILY . OFF 6367 49.73 40.56 
TOTALS NOON 2480 13.72 7.70 

PM 2486 10.35 7.2 .. 
TOTAL 12937 89.73 61.60 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $54,336 $269,175 $18,479 

PROJECT COST: $38,326 TOTAL ANNUAL SAVINGS: $341,991 

BENIFIT/COST RATIO: 8.92 

Texarkana, Texas Highway US 82 
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Hillcrest Road System 

The City of University Park worked on improving traffic signal timing on two 
thoroughfares in University Park, one of which was Hillcrest Road. The Hillcrest Road 
System consists of eight intersections on Hillcrest Road and two intersections on Lovers 
Lane. Hillcrest Road is a north-south arterial which generally has a four-lane undivided 
cross section. Southern Methodist University· abuts the east side of Hillcrest Road from 
Daniel Avenue to the south end of the project. The attached map displays the project 
arterial and cross streets. 

New Eagle closed-loop controllers and cabinets were purchased for all project 
intersections. Since installation of interconnect cable was not included in the TLS grant 
budget, initial coordination is being achieved by means of the internal time-based 
coordination. As soon as funds are available, the City intends to install twisted-pair cable 
to link the individual intersections with a field master. Each field master will be linked by 
means of dial-up commercial telephone line to the microcomputer, thereby achieving full, 
closed-loop system capability. 

"Before" and "after" conditions of the study were monitored in order to evaluate the 
system's performance of the TLS program. Basic traffic and intersection data (travel times 
and travel delays at each node), signal phasing, vehicle turning movements, and saturation 
flow rates were required at each intersection. The vehicle turning movement counts and 
intersection data were taken by collecting data during actual field studies during an AM 
Peak, an AM offpeak, a PM peak, and a PM offpeak. The remaining information was 
obtained from data flies. 

Based on the PASSER II-90 simulation, the project had an estimated total annual 
cost savings of $390,311. This operating cost savings included a total annual savings of 
9,922,214 stops (a 17.9 percent reduction), a total annual fuel savings of 65,400 gallons (an 
8.4 percent reduction), and a total annual delay increase of 18,600 veh-hrs (a 6.3 percent 
increase). The travel time decreased three minutes and the delay was reduced by 73 
percent. Visual observation indicates improved traffic flow and reduced congestion. The 
total cost of the project was $42,347 and the resultant benefit to cost ratio was 9 to 1. 

University Park, Texas Hillcrest Road System 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 16130 12477 62 56 219 197 
HOURLY OFF 15370 13226 69 69 207 195 
VALUES PM 22577 17197 191 166 358 313 

AM 3653 6 22 
DIFFERENCES OFF 2144 0 12 

-- PM 5380 25 45 
AM 2 2 2 

HAS/DAY OFF 7 7 7 
PM 2 2 2 
AM 7306 12 44 

DAILY OFF 15008 0 84 
PM 10760 50 90 

TOTAL 33074 62 218 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $138,911 $186,000 $65,400 

PROJECT COST: $42,347 TOTAL ANNUAL SAVINGS: $390,311 

BENIFIT/COST RATIO: 9.22 

University Park, Texas Hillcrest Road System 
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Preston Road System 

The City of University Park worked on improving traffic signal timing on two 
thoroughfares in University Park, one of which was Preston Road. The Preston Road 
System consists of eight intersections on Preston Road and two intersections on Lovers 
Lane. Preston Road is a north-south arterial, the cross section of which varies from four 
to six lanes, undivided. Minor intersections typically do not have left-tum bays, and the 
cross section is transitioned from six lanes to four by marking the right-most lanes "RIGHT 
TURN ONLY" in advance of signalized intersections. Lovers Lane is an east-west arterial 
which usually has just one lane per direction. The attached map displays the project arterial 
and cross streets. 

Prior to the TLS project, intersections were operating either free actuated on non­
interconnected pretimed and were coordinated by means of a single 70-second dial. New 
Eagle closed-loop controllers and cabinets were purchased for all project intersections. 
Since installation of interconnect cable was not included in the TLS grant budget, initial 
coordination is being achieved by means of internal time-based coordination. As soon as 
funds are available, the City intends to install twisted-pair cable to link the individual 
intersections with a field master. Each field master will be linked by means of dial-up 
commercial telephone line to the microcomputer, thereby achieving full, closed-loop system 
capability. 

"Before" and "after" conditions of the study were monitored in order to evaluate the 
system's performance of the TLS program. Basic traffic and intersection data (travel times 
and travel delays at each node), signal phasing, vehicle turning movements, and saturation 
flow rates were required at each intersection. The vehicle turning movement counts and 
intersection data were taken by collecting data during actual field studies during an AM 
Peak, an AM offpeak, a PM peak, and a PM offpeak. The remaining information was 
obtained from data files. 

Based on the PASSER 11-90 simulation, the project had an estimated total annual 
cost savings of $26,033. This operating cost savings included a total annual savings of 
5,395,214 stops (a 2.8 percent reduction), a total annual fuel savings of25,500 gallons (a 0.5 
percent reduction), and a total annual delay increase of 7,500 veh-hrs (a 0.1 percent 
increase). However, field studies conducted by the City showed an improvement in the 
travel times and delay. This was due to the fact that, while the intersections were actually 
operating at different cycle lengths, a single cycle length was used during the simulation in 
PASSER 11-90. The travel times decreased by 3 minutes and the delay reduced by 37.6 
percent. Visual observation indicated improved traffic flow and reduced congestion. The 
total cost of the project was $42,347 and the resultant benefit to cost ratio was 0.61 to 1. 

University Park, Texas Preston Road System 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 75822 73603 2781 2768 2629 2606 
HOURLY OFF 55395 54307 1347 1354 1465 1464 
VALUES PM 48290 45325 992 993 1202 1186 

AM 2219 13 23 
DIFFERENCES OFF 1088 -7 1 

PM 2965 -1 16 
AM 2 2 2 

HRS/DAY OFF 7 7 7 
PM 2 2 2 
AM 4438 26 46 

DAILY OFF 7616 -49 7 
PM 5930 -2 32 

TOTAL 17984 -25 85 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $75,533 ($75,000) $25,500 

PROJECT COST: $42,347 TOTAL ANNUAL SAVINGS: $26,033 

BENIFIT/COST RATIO: 0.61 

University Park, Texas Preston Road System 
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PROJECT AREA 
PRESTON ROAD TLS PROJECT 

CITY OF UNIVERSITY PARK 

University Park, Texas Preston Road System 
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RM2244 

The District 14 Traffic Office ofTxDOTworked on the following project. West Lake 
Hills is a small town with an estimated population of 3,800. RM 2244 is the only major. 
arterial running east-west through the town. Due to recent population growth, it has 
become necessary to improve traffic flow on RM 2244. Rollingwood and Walsh Tarlton are 
controlled by pretimed, electromechanical controllers. Westwood Terrace, Westbank Drive, 
Westlake Drive, and Campcraft are controlled by pretimed, solid state controllers. These 
two groups of controllers ran on a three period "time of day" strategy. The master 
controllers of the two groups are located at Walsh Tarlton and Westbank. 

A total of six intersections were included in the RM 2244 Project. The attached map 
displays the project arterial and cross streets. RM 2244 has five lanes with a continuous left 
tum lane from Walsh Tarlton to east of Rollingwood and four lanes from Walsh Tarlton to 
west of Campcraft. The minor cross streets are mostly three lane, undivided, two-way 
roadways. All intersections have between three and five phases. All of the signals are 
equipped with pedestrian controls. Phasing modification was performed for two 
intersections. 

In order to evaluate the system's performance, the ''before" traffic conditions were 
monitored and various field data were collected. The data included traffic volumes, 
saturation flow rates, travel times, and travel delays. A left turn bay was added to the 
eastbound direction of RM 2244 at Walsh Tarlton. Phasing changes were made at the 
intersections of Walsh Tarlton and Rollingwood in order to improve the progression. The 
cycle lengths were increased due to high traffic volumes. The cycle lengths used for all three 
time of day periods were extended to 140 seconds. This length was obtained from the 
Optimal Signal Cycle Length Manual. Using the same cycle length alleviated the congestion 
that would occur while the signals were trying to synchronize during the switch. Changes 
in phase timing were implemented at two intersections. Fine tuning was necessary at 
Westbank and Walsh Tarlton in order to alleviate delay. 

Based on the TRANSYT-7F simulation, the project had an estimated total annual 
cost savings of $3,515,365. This operating cost savings included a total annual savings of 
13,165,350 stops (a 52.6 percent reduction), a total annual fuel savings of 277,050 gallons (a 
39.9 percent reduction), and a delay annual savings of 305,400 veh-hrs (a 62.2 percent 
reduction). For RM 2244, the maximum reduction in travel time was 131 seconds for the 
PM peak (a 54.1 percent reduction). The total cost of the project was $110,563 and the 
resultant benefit to cost ratio was 32 to 1. 

West Lake Hills, Texas RM 2244 
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STOPS TOTAL SYSTEM FUEL (gals) 
DELAY (veh-hrs) 

BEFORE AFTER BEFORE AFTER BEFORE AFTER 

AM 7396 5232 243 63 278 158 
HOURLY OFF 6248 2431 n 29 141 82 
VALUES PM 9647 5550 309 139 350 229 

AM 2164 180 120 
DIFFERENCES OFF 3817 48 59 

PM 4097 170 121 
AM 1.5 1.5 1.5 

HAS/DAY OFF 8.5 8.5 8.5 
PM 2 2 2 
AM 3246 270 180 

DAILY OFF 32445 408 501.5 
PM 8194 340 242 

TOTAL 43885 1018 923.5 

UNIT VALUES $0.014 $10.00 $1.00 

ANNUAL SAVINGS $184,315 $3,054,000 $2n,oso 

PROJECT COST: $110,563 TOTAL ANNUAL SAVINGS: $3,515,365 

BENIFIT/COST RATIO: 31.80 

West Lake Hills, Texas RM2244 
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