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ABSTRACT

The Los Angeles Freeway Service Patrol (FSP) Evaluation project is measuring the effectiveness
of the FSP program on a specific freeway site in Los Angeles. This report describes the site
selection and database developmentphases of the project. From an initial list of ten possible sites,
detailed analysis was performed in order to rank the sites accordingto specific parameters
developed by the study team. Site selection was based on congestion levels, average travel speeds,
shoulder width, number of in-lane FSP assists, average daily traffic, directionality and the density
of functional loop detectors. The site selected was FSP Beat 8, which is located on Interstate Route
10, between Eastern Avenue and Santa Anita Avenue.

Once the site was selected, a detailed, comprehensive, computerized database was developed. This
database completely describes the traffic conditions along Beat 8 for 32 weekdays, for a total of six
hours each day. This 192-hourdatabase includes detailed descriptions for 1,560incidents, tach
vehicle travel time traces for 3,619 runs (at 5.7 minute headways), and loop detector data
(30-second flow and occupancy) from 240 loop detectors. Finally, the CHP has provided
electronic CAD logs for the entire study period. Further to the documentation included in this
report, preliminary incident analysis is included in PATH Working Paper 97-18 and the
methodology and preliminary evaluation results are included in PATH Working Paper 97-17.



EXECUTIVESUMMARY

As a key component in the development of California’s Advanced Transportation Management
and Information Systems (ATMIS), Freeway Service Patrol (FSP) is an incident management
measure designed to assist disabled vehicles along congested freeway segments and relieve peak
period non-recurrent congestion through quick detection, verification and removal of accidents
and other incidents on freeways. The program is jointly administered by the California
Department of Transportation (Caltrans),the California Highway Patrol (CHP) and the local
Metropolitan Planning Organizations (MPOs), and has been implemented on many freeway sites
(beats) across the state.

The Los Angeles County Metro Freeway Service Patrol is a partnership program jointly
implemented by Caltrans, the Los Angeles County Metropolitan Transportation Authority
(LAMTA), CHP and 20 private towing contractors. As of April 1, 1996, the Los Angeles
program was comprised of 149 tow trucks patrolling 40 beats covering 404 centerline miles of
freeway in Los Angeles County with an annual budget of approximately $24 million.
Historically there have been approximately 1,000assists per day performed by FSP tow truck
operators. The continuously patrolling tow trucks provide complimentary services such as:
changing a flat tire, refilling a radiator, taping a leaking hose, providing one gallon of gasoline,
and removing stalled vehicles from the freeway when they cannot be restarted.

A study conducted as part of the PATH Program evaluated the effectiveness of FSP on a section
of the 1-880 freeway. Extensive data on incidents and traffic characteristicswere collected
“before” and “after” the implementation of FSP, using specially instrumented probe vehicles and
information from loop detectors in the roadway. The evaluation of the benefits based on delay
savings, fuel consumption and air pollution reduction indicated that the FSP is a cost-effective
measure at the specific site. The results of the 1-880 study on the FSP effectivenesswould apply
to locations with similar characteristics as the specific beat that was studied. There is a need,
however, to have performance estimates from other beats in the state to permit a thorough
evaluation of the FSP program in California. A more comprehensive understanding is needed
between the relationship of delay savings from quick FSP response to incidents and benefit-cost
relationships.

The objective is to evaluate the benefits and costs of FSP at a specific freeway section in Los
Angeles. The scope of work includes:

Development of study methodology.
Selection of the test site.

Field data collection and processing.
Data analysis and evaluation.

This report describes the test site selection and database development tasks. From an initial list
of ten possible sites, detailed analysis was performed in order to rank the sites according to
specific criteria developed by the study team. Site selection was based on site congestion, travel
speeds, shoulder width, number of in-lane FSP assists, average daily traffic, presence of



directionality and the density of functional loop detectors. The evaluation was performed using
both historical data and new data collected by the study team. The site selected was FSP Beat 8,
which is located on Interstate Route 10, between Eastern Avenue and Santa Anita Avenue.

Once the site was selected, seven probe vehicles were specially instrumented and were
dispatched at approximately 5 minute headways, six hours per day, for 32 days to collect speed
data and detailed incident reports. In addition 30-second freeway loop detector data was
collected for the same time periods. Both data sets were automatically transferred from Los
Angeles to U.C. Berkeley, where software was developed to integrate the data sets. Subsequent
to data collection, a detailed, comprehensive, computerized database was developed. This
database completely describes the traffic conditions along Beat 8 for the 32 weekdays. This 192-
hour database includes detailed descriptionsfor 1,560incidents, tach vehicle travel time traces
for 3,619 runs (at 5.7 minute headways), and loop detector data (30-second flow and occupancy)
from 240 loop detectors.
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CHAPTER 1
INTRODUCTION

11 Introduction

As a key component in the development of California's Advanced Transportation Management
and Information Systems (ATMIS), Freeway Service Patrol (FSP) is an incident management
measure designed to assist disabled vehicles along congested freeway segments and relieve peak
period non-recurrent congestion through quick detection, verification and removal of accidents
and other incidents on freeways. The program is jointly administered by the California
Department of Transportation (Caltrans), the California Highway Patrol (CHP) and the local
Metropolitan Planning Organizations (MPOs), and has been implemented in several freeway
sites (beats) across the State.

A study conducted by the University of California at Berkeley, sponsored by Caltrans through
the PATH Program evaluated the effectiveness of FSP on a section of the 1-880 freeway, Bay
Area Beat 3 (1). Extensive data on incidents and traffic characteristics were collected "before™
and “after" the implementation of FSP, using specially instrumented probe vehicles and
information from loop detectors in roadway. The data were processed, verified and integrated
into a computerized database. This database is perhaps the largest database on freeway
operations created to date. A methodology was developed to estimate the incident-specific
delays. The evaluation of the benefits based on delay savings, fuel consumption and air pollution
reduction indicated that the FSP is a cost-effectivemeasure at the specific test site.

The results of the 1-880 study on the FSP effectiveness would apply to locations with similar
characteristics as the specific beat which was studied. There is a need, however, to have
performance estimates from other beats in the state to permit a thorough evaluation of the FSP
program in California, and to develop a method for Statewide evaluation of FSP based on data
commonly available to Caltrans operations staff. A more comprehensive understanding is needed
between the relationship of delay savings from quick FSP response to incidents and benefit-cost
relationships.

1.2 Objective of the Study

The objective of this study is to evaluate the benefits and costs of the Freeway Service Patrol
(FSP) at a specific freeway section in Los Angeles.

1.3 Project Overview

This study is being conducted by the Institute of Transportation Studies (ITS) as part of the
Partners for Advanced Transit and Highways (PATH) program (MOU-172 and MOU-264).
Wiltec Associates served as a subcontractor for field data collection.

The work under the first phase of the project (MOU-172) consists of the following major tasks:



e Development of Evaluation Methodology: An evaluation methodology has been
developed based on the status of the FSP program in Los Angeles. Because all of
the potential freeway sites in Los Angeles currently have FSP service, the service
cannot be temporarily suspended for collecting "before™ data due to liability
concerns. Also, a freeway beat with temporarily suspended FSP service is not
exactly the same as a beat without service, because in the former case stranded
drivers would expect the FSP to assist them and may not immediately call for
other service. Therefore, the study workplan and evaluation methodology has
been developed to account for the lack of "before™ field data.

e Test Site Selection: A rigorous test site selection process has been undertaken,
which has included site ranking, site visits, travel time runs and detailed analysis
of loop detector data.

e Develop Database: Field data collection to develop a comprehensive database on
incidents and freeway operating conditions at a Los Angeles freeway section.
This database will be fully computerized and integrated similar to the 1-880
database

o Analysis and Evaluation: Data analysis and evaluation of the effectiveness of the
FSP service at the test site.

The detailed evaluation of the FSP will be performed under the second phase of the project
(MOU-264). This report, the first formal deliverable for MOU-172, summarizes the extensive
effort undertaken during the test site selection process, data collection and development of the
computerized database. Chapter 2 provides some background and describes the Los Angeles
FSP program. Chapter 3 describes the test site analysis and evaluation procedures, along with
the research team’s final site recommendation. Chapter 4 includes a detailed analysis of the data
collection and processing efforts in the development of the database. Two other deliverables
have been submitted. PATH Working Paper UCB-ITS-PWP-97-X describes the analysis of
incident data and PATH Working Paper UCB-ITS-PWP-97-X describes the study methodology
and results of the preliminary evaluation.



CHAPTER 2
THE LOS ANGELES FSP PROGRAM

The Los Angeles County Metro Freeway Service Patrol, begun in July 1991, is a partnership
program jointly implemented by Caltrans, the Los Angeles County Metropolitan Transportation
Authority (LAMTA) and CHP. As of April 1, 1996, the Los Angeles program was comprised of
149 tow trucks from 20 towing contractors patrolling 40 beats covering 404 centerline miles of
freeway in Los Angeles County with an annual budget of approximately $24 million.
Historically there have been approximately 1,000 assists per day performed by FSP tow truck
operators. The continuously patrolling tow trucks provide complimentary services such &s:
changing a flat tire, refilling a radiator, taping a leaking hose, providing one gallon of gasoline,
and removing stalled vehicles from the freeway when they cannot be restarted.

The Los Angeles FSP program essentially began in 1978, when Caltrans began operating a
service patrol for the 42-mile Downtown Loop (formed by the Santa Monica, San Diego and
Harbor Freeways) as a component of the Los Angeles Area Freeway Surveillance and Control
Project (LAAFSCP). In November, 1990, Los Angeles County voters approved Proposition C, a
half-cent sales tax for transportation improvements, now administered by the LAMTA.
Revenues from Proposition C are used for a variety of transportation programs, including
incident management programs such as FSP. The Los Angeles Freeway Service Patrol Program
was initiated in July, 1991. In 1992, Assembly Bill 3346 (Katz) authorized funding for the
initiation of FSP statewide.

Figure 2-1 shows the FSP service area and Figure 2-2 shows the beat locations. Table 2-1 shows
the status of each FSP beat as of April 1, 1996. Of particular note on Table 2-1 is the length,
number of trucks and the time periods (a.m. and p.m.) covered on each beat. Not including the
temporary Traffic Management Plan (TMP) beats associated with construction projects, the
average beat length is 9.8 centerline miles. The average number of trucks per beat is 3.6. The
number of trucks per beat is generally determined such that a motorist will have to wait no longer
than ten minutes for service. Also from Table 2-1, one can see that the average number of
service hours per beat is 7.8, and the average cost per hour per beat is $146.25, which translates
into an average of $40.63 per truck hour. Given that there are approximately 1,120 truck hours
per day (312 service hours per beat x 3.6 trucks per beat), in 1995 there were thus approximately
0.88 assists per truck hour over the entire year.

Table 2-2 shows the monthly evolution of the numbers of total assists provided from 1991
through 1996. As shown in Table 2-2, in 1995 there were a total of 257,463 responses on the 43
Los Angelesbeats. This meant that each beat averaged 5988 assists over 1995.

In order to display how the numbers of total assists are distributed among the beats, Figure 2-3
shows a sample histogram of the number of assists per beat for the year 1995. As shown, Beat
23 had the largest number of assists at 2,716, and Beat 51 had the smallest number of assists at
230.
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CostHr _CL Milas_#of Trucks Tot Cost/hr Start Date AM St AM Hrs PMStit_PM Hrs _Total

Dist Beat Rte co Limits

7 1 110 LA martin LutherKing to Avenue 43 $39.00 7.62 5
7 2 101 LA Vermontto I-5 at Euclid 1Rts 10 at EasternAve $36.75 9.07 4
7 3 10 LA vemont to Rte 60 at 3rd Street $45.00 6.71 4
7 4 5 LA stadium Way/Riverside to Garfieid $45.00 11.06 5
7 5 405 LA mutholtand to Venice/Washington $40.00 9.08 4
7 6 405 LA veniceWashington to imperial $39.00 6.73 3
7 7 101 LA Resedato 101134 interchange 548.00 9.60 4
7 8 10 LA Easternto Santa Anita $39.19 7.83 3
7°9 405 LA imperial Hwy. to Normandie $40.00 7.40 4
7 10 405 LA Devonshire to Muiholiand $40.00 9.21 3
7 11 210 LA Orangegrove to ST1B Anita $38.50 7.30 3
7 12 10 LA santa Anita to Grand $43.00 984 3
7 13 60 LA ard Strest to Crossroads Pkwy $38.42 10.04 5
7 14 605 LA Telegraph Rd.to Orange County Line $37.50 10.25 3
7 15 o LA chenryto Orangs County Line $37.51 7.65 3
7 16 5 LA L ACounty line 1Antesia to Garfield $45.00 10.88 4
7 17 10 LA Bundy to Vermont $44.70 930 4
7 18 10 LA Grandto LA County Unel Milk Avenue $34.87 9.76 4
7 19 405 LA Normandie to L A CountyLine $43.75 1356 5
7 20 60 LA Crossroads Pkway to Fairway $43.00 8.85 3
7 21 60 LA Fairway to § B County Unr | Rte 57 OC lineto Temple | $34.87 15.15 4
7 22 134 LA Jet st 170 North to Pacific Ave. $39.75 6.57 3
7 23 710 LA Firestons Bivd. to Valley Bivd. $39.19 8.95 3
7 24 14 LA san Femando (Rte. 126)to Agua Dulce Rd. $50.00 12.82 2
7 25M Var LA powntown loop, Midday service $39.00 26.70 6
7 26 9 LA vemmontto Cheny $44.75 7.08 3
7 27 101 LA vemontto Rte 170 at Magnolia $45.00 433 4
7 28 210 LA santa Anita to Sunfiower $43.00 11.28 4
7 29 101 LA Reseda o Las Virgines Road $42.00 10.00 4
7 30 710 LA willow to Firestone $39.00 1055 4
7 31 5 LA HollywoodWay to Stadium Way $38.75 10.49 4
7 32 110 LA Avenue 43t0 Glenam St $40.98 479 2
733 118 LA Rocky Peak Roadto Rte 210 at McClay $42.00 16.76 4
734 5 LA Roxord to Hollywood \\ay $39.75 10.30 4
7 3B 134 LA Ppacific to Orange Grove $38.75 6.39 3
7 3 170 LA sheidon to Magnolia $38.75 473 2
7 37 605 LA Huntington Drive to Telegraph $37.50 15.76 4
7 38 210 LA sunflower to Rte 30 & Foothit and 57/Temple $43.00 9.60 2
7 39 105 LA Califomia Street to Central Avenue $37.50 8.90 3
7 40 105 LA Central Avenue to Studebaker Road $38.00 10,00 3

(Not incl. TMP Beat 53 & 53M)

Total

392.89
404.39

144
148

195
143
180
225
160
117
192
118
160
120
116
129
182
113
113
180
179
139
219
129
139
119
118
100
234
134
180
172
168
156
155
82
168
159
116
78
150
86
113
114

7/1/91
7/1/91
7/1/91
7/1/91
7/1/91
7/1/91
7/1/91
7/1/91
7/1/91
8/5/91
8/5/91
8/5/91
8/5/91
8/5/91
8/5/91
8/5/91
9/2/91
9/2/N1
9/2/91
9/2/91
9/2/91
9/2/91
9/2/91
9/2/91
1/19/93
1119/93
1/19/93
1/19/93
2/1/93
2/1/93
2/1/93
2/1/93
2/1/93
3/1/93
3/1/93
3/1/93
3/1/93
3/1/93

6:00-10:00
6:00-10:00
6:00-10:00
5:45-9:45
6:00-10:00
6:00-10:00
6:00-10:00
6:00-10:00
6:00-10:00
6:00-10:00
6:00-10:00
6:00-10:00
6:00-10:00
6:00-10:00
5:30-9:30
6:00-9:30
6:30-10:00
530-900
6:00-10:00
5:30-9:00
5:30-9:00
6:30-10:00
6:00-10:00
5:00-9:00
10:00-Noor
6:00-10:00
6:00-10:00
5:30-9:30
6:00-10:00
6:00-10:00
6:00-9:30
6:30-10:00
6:00-9:00
5:30-9:30
6:00-10:00
6:30-9:30
6:00-10:00
6:00-9:00

10/14/93 6:00-10:00
10/14/93 €:00-10:00

4.0

4.0
40
4.0
4.0
4.0
40
40
4.0
40
4.0
40
4.0
4.0
4.0
4.0
35
35
35
4.0
35
35
35
4.0
4.0
20
4.0
4.0
4.0
4.0
4.0
35
35
30
4.0
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3.0
4.0
30
4.0

3:00-7:00
3:00-7:00
3:00-7:00
2:45-8:45
3:00-7:00
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2:30-6:30
3:00-7:00
2:30-8:30
300-700
3:00-7:00
3:00-7:00
2:30-8:30
230700
2:30-7:00
230-700
3:00-7:00
2:30-7:00
230-7m
2:30-7:00
300-700
300-700
Noon-300
2:30-6:30
3:00-7:00
3:00-7:00
3:00-7:00
3:00-7:00
230
230-700
3:30-8:30
30070
3:00-7:00
3:30-6:30
2:30-6:30
4:00-7:00
300-700
3:00-7:00

40
40
40
40
40
4.0
40
40
40
40
40
40
40
40
40
45
45
45
40
45
45
45
40
4.0
30
4.0
40
40
4.0
40
45
45
3.0
4.0
40
3.0
40
4.0
40
4.0

8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
80
8.0
8.0
5.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
6.0
8.0
8.0
6.0
8.0
70
8.0
8.0

Note: A Maximum of 141 trucks are on patrol during any one shift
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TABLE 2-2 METRO FREEWAY SERVICE PATROL SUMMARY OF ASSISTS

Month 1991 1992 1993 1994 1995 1996

January 13163 17295 19383 18789 21498
February 13488 19387 18476 17933 25154
March 16294 28009 22327 22693 24888
April 13849 25586 20676 18537 28050
May 14469 24045 21543 21714
June 16433 27066 23271 26239
July 4872 17929 22547 19367 24988
August 10231 16841 23873 24633 27156

September 12651 16729 23077 21693 22425
October 14477 15733 22276 20080 22175
November 12882 15216 22517 18413 19398
December 11020 14888 17551 15982 15416
TOTAL 66133 185032 273229 245844 257463 99590




Figure 2-3 Los Angeles County Metro Freeway Service Patrol Assists 1995
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As an example of some typical statistics, second quarter 1995 data is used below to present
characteristics of the FSP service. This data is recorded on Scantron forms filled out by each
FSP driver after each assist.

During the second quarter of 1995, data were extracted from the Scantron reports in order to
develop a picture of what incident characteristics would be reported. First, looking at towing
activity, 74% of the incidents did not require towing, 2% were towed to the shoulder, and 24%
were towed off the freeway. Most of the incidents did not require additional assistance beyond
the FSP operator’s capabilities (72%No, 28% Yes). Most vehicles had mechanical problems
(24%), followed by flat tires (20%), and out of gas (12%o). Furthermore, most of the vehicles
assisted were autos (64%), followed by pickups (16%6).

In terms of detecting the incident, 85% of the FSP-assisted incidents were located by the FSP
driver, and 13%were identified by the CHP dispatcher. Disabled vehicles were predominantly
located on the right shoulder (78%) at the time the FSP arrived, while 10%were located in the
freeway lane. Drivers report their estimated speed prior to assist. Most drivers reported that
their speed was greater than 40 miles per hour (78%). The FSP program primarily serves
California drivers (96%). Finally, drivers report their waiting time for FSP service. Most drivers
(72%) report that they waited less than five minutes, and 18%of drivers report that they have
waited between six and ten minutes. Only 10%of drivers report that they wait more than 11
minutes for FSP service.

The present study is an effort to build upon past evaluation efforts with a minimum of
assumptions and pure empirical data. A detailed analysis of the Los Angeles County Metro
Freeway Service Patrol was conducted in 1992 and is described in Finnegan (6). Caltrans also
evaluated the FSP service in 1992 and found that the program reduced response times by 15
minutes (4). The program’s effectiveness was then calculated based on estimated total delay
savings. The approach at that time used simplified assumptions and historical incident
characteristics. Also, capacity reduction and demand level assumptions resulted in useful, but
relatively coarse results. It is hoped that the results of the present evaluation project will validate
and further solidify past evaluation approaches.



CHAPTER 3
TEST SITESELECTION

This chapter describes the process for selection of the freeway section for the FSP evaluation.
The test site should meet several criteria for the successful completion of the study as well as the
concerns of all interested parties.

31 Proposed Test Sites

Staff from Caltrans District 7, LAMTA and CHP prepared a list of potential sites for the field
experiment that satisfy the following criteria (listed in order of importance):

e Functional surveillance system: loop detectors in place that provide reliable data on
traffic volumes. Speed and occupancy data are also needed but their accuracy is
limited by the existing surveillance system

e Congestion levels: traffic volumes close to or at capacity during the peak periods.
Avoid congested locations because of bottlenecks outside the study beat

¢ Incident frequency: high frequency of incidents/accidents

¢ Geometrics: narrow (or no) shoulders, mixed lanes (no HOV lane) no construction

The list of proposed sites and the degree they satisfy the above criteria was submitted to Caltrans
Headquarters and ITS for review. The proposed sites were then ranked based on the above
criteria and the top two sites were selected for more detailed evaluation

3.2 Test Site Evaluation Procedure

One of the objectives of this report is to document the procedure used to determine the preferred
site for further detailed evaluation. The detailed evaluation will consist of the following steps:

1. Collection of data on the freeway section geometrics, lane configurations and
detector locations from Caltrans District 7 as-built plans and records.

2. Sample tach car runs will be performed to assess the suitability of the test site for
field data collection. Suitable vehicle assembly areas, tach car calibration area
and efficient on/off ramp connections will be mapped.

3. Sample loop detector data for the proposed site will be transferred from District
7's Modcomp system and checked for consistency and integrity.

4. Video recording will be performed at the proposed site for comparison with loop
detector data in order to assess accuracy of loop data.
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3.3 Test Site Proposals

Staff from Caltrans District 7, LAMTA and the CHP prepared a priority list of potential sites for
the field experiment. The priority list for ten sites is shown in Table 3-1 below.

The primary criteria considered for selecting the beat are:

High volumes

High incident frequency

Narrow/no shoulders

Relatively high detection density and high percentage of working loops

Don't discard any beat for HOV or construction, but consider impacts on incident
characteristics and impacts on congestion.

The above criteriaare not prioritized. The beat which has the best combination of all criteria will
be selected. As an additional check on the procedure used to evaluate potential evaluation sites,
the FSP database was sorted by Beat using "number of lane blocking incidents" as the primary
sort field. This information was then put in the category of "number of lane blocking incidents
per centerline mile.” One year of data were provided by District 7 staff for the short list,
including:

Beat Number

Beat length (miles and described by Post Mile)
Beat - hours of operations
Number of FSP trucks on beat
Number of in-lane incidents
Number of incidents for beat
Number of travel lanes
Volume/hour/lane

Percentage of loops active

Loop spacing

Average speed or speed contours

Based on the data provided in Table 3-1, three candidate sites were ultimately chosen for further
detailed analysis (Beat 23, Beat 17, and Beat 8). After the first tier of additional analysis, Beat
17 was discarded. Subsequentto the final tier of site analysis, Beat 23 was discarded, and Beat 8
was selected as the site for the FSP Evaluation.

11



TABLE3-1 TEST SITEPROPOSALS

BEAT EVALUATION )
BEAT | FWY | POST DESCRIPTION MILES | NO.OF AM SHIFT PMSHIFT | TOTAL | TOTAL
MILES TRUCKS ASSIST | ASSIST
INLANE
5,6 405 127.9- | Mulholland to 91 3+4 6:00-10:00 | 3:00-7:00
37.0 | Imperial
17 10 |R4.5- | BundyDr. to 9.3 4 6:30-10:00 | 2:30-7:00
13.8 | Vermont Ave.
7 101 | 11.8- | SR 134to Reseda |9.7 5 £:00-10:00 [ 3:00-7:00
21.3 | Blvd.
16 5 6.8- 1-605to Eastern 70 4 8:00-9:30 2:30-7:00
13.8 | Ave.
1 110 | 19.5- | Martin LutherKing | 7.6 5 5:00-10:00 | 3.00-7:00} 6866 | 1568
271 Blvd. to Ave. 43
4 5 10.9- | Garfieldto Stadium | 11.1 5 5:45-9:45 2:45-6:451 7476 1215
21.9 | Way/Riverside Dr.
8 10 [20.9- | EasternAve. to 7.8 3 £:00-10:00 { 3:00-7:00} 8287 1008
28.7 Santa Anita Ave.
19 405 10.30- | NormandyAve.to ]13.6 |5 6:00-10:00 | 3:00-7:001 9991 | 1046
13.8 | Orange County Line
23 710 {18.4- | Firestone Blvd. to 9 3 6:00-10:00 | 3:00-7:00) 8873 | 1037
27.4 | Valley Blvd.
2* 101 [ 4.4- Vermont Ave. to Jet | 9.1 4 8:00-10;00 } 3:00-7:00 ] 5298 { 951
0.00 10/101 Sep.

12




TABLE3-1 TEST SITEPROPOSALS (CONTINUED)

BEAT EVALUATION

BEAT| FWY | pPoST DESCRIPTION NO.LOOP | % ACTIVE LOOPS TRAFFIC

MILES STATIONS LOOPS MILE VOLUME
(AADT)

5,6 405 [27.9- |SR 187to Mulholland Dr. 21 77.0 0.80 284,004
37.0

17 |10 |R4.5- |Bundy Dr. to Vermont Ave. 29 93.0 0.25 248,000
13.8

7 101 |11.6- |SR 134to ResedaBlvd. 17 100.0 1.63 290,000
21.3

16 |5 6.8- 1-6806to Eastern Ave. 16 85.0 0.75 267,000
13.8

1 110 [19.5- [Martin Luther King Blvd. to Ave. |9 64.2 1.30 289,000
271 143

4 |5 |10.9- [Garfieldto Stadium 756 0.7 247,000
21.9 [|Way/Riverside Dr.

8 10 ]20.9- |EasternAve. to Santa Anita Ave. 87.6 0.4 249,000
28.7

19 J405 ]0.30- |Normandy Ave. to Orange 37 54 0.74 240,004
13.8 [CountyLine

23 |710 [18.4- |Firestone Blvd. to Valley Blvd. 16 73.6 oa 193,000
27.4

2* 1101 |4.4- [VermontAve. to Jct 10/101 Sep. |16 &6.1 0.61/0. 237,000
0.00

39
Notes:
1 AADT is Annual Average Daily Traffic from the 1994 Traffic Volumes on California State

2
3
4

Highways.
Loops Active is an estimate of loop condition estimated from Modcomp.
Number of Loops is total number of northboundand southbound detector stations.
Beat2* covers Routes 101, 5 & 10:
101 = PM 4.4to PM 0.0,Vermont Ave. JCT 10/101 Sep.
101 = PM 1.3to PM 0.0,JCT 10/101 Sep. St 10/5 Sep. 53-1367L
5=PM 16.9to 16.1,JCT 5/10/101 Sep. 53-1367- Euclid Ave.

10=PM 20.9to PM 18_3,Eastern Ave. - JCT 10/5/101 Sep.

13



TABLE3-1 TEST SITEPROPOSALS (CONTINUED)

BEAT EVALUATION
AM OPERATION PM OPERATION TOTAL
BEAT [FWY] DIR HOURS OF AVG HOURS OF AVG HOURSOF AVE
CONGESTION | SPEED CONGESTION SPEED{ CONGESTION SPEED
5,6 |J405[N/B ]0715-1000 (2:45) (|31 1530-1915 (3:45) 26 6:30 28
S/B 10615-1000 (3:45) |31 1515-2000(4:45) |22 8:30 26
17 |10 |E/B [0700-0945(2:45) |26 1645-1945(3:00) |33 5:45 27
wW/B [0715-0915(2:00) {27 1645-1945(3:00) 30 5:00 29
7 |1o1|NmB |o7as-0g00(1:15) [37  |1445-1930(4:45) 'Ez 6:00 18
S/B |0700-0945 (2:45) |26  |1500-1915(4:15) b7 7:00 26
16 |5 |[NIB ]0630-0900 (2:30) |32 -- X 2:30 32
SIB == X 1545-1930(3:45) |30 3:45 30
1 110 [N/B |0630-1000(3:30) ({29 1500-1915(4:15) |21 7:45 25
S/B |0645-0930 (2:45) {27 1500-1915(4:15) |25 7:00 26
4 |5 |NB |0615-1000(3:45) |24  |1500-1830(3:30) |27 7:15 26
S/B |0700-0845 (1:45) |27 1615-1845(2:30) |31 4:15 28
8 10 |EB - X 1615-1915(3:00) |26 3:00 26
W/B 10630-0915 (2:45) }26 --the X 2:45 26
19 J405|N/B [630-0900(2:30) )42 -- 2:30 42
S/B -- X 1545-1915 (3:30) |29 3:30 29
23 |710|N/B [0645-0915(2:30) |31 1645-1845 (2:00) 36 4:15 33
S/B -- X 1615-1830(2:15) P9 2:15 29
2+ |101|N/B [0630-0915 (2:45) |20 |1645-1845 (2:00) |19 4:45 T 19
S/B [0645-0900 (2:15) |32 1645-1900 (2:45) 19 5:00 / 25
Notes:
1. Hours of congestion are estimated from 1994 HICOMP Report.

2.

_ X means not congested.
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34 Test Site Congestion and Speeds

Since the congestion level is an important characteristic for the sites in question, the 1994
Statewide Highway Congestion Monitoring Program (HICOMP) Report was consulted next in
order to get a general sense of average speeds during morning and afternoon peak congested
periods. These speeds are shown in Table 3-1. The data summarized in Table 3-1 will now be
evaluated in order to make a preliminary recommendation of a specific site for further evaluation.

35 Preliminary Site Evaluation

According to the evaluation criteria described above, a process of comparison and elimination
has been undertaken in order to arrive at a preliminary recommendation of sites for detailed
evaluation. Table 3-1 is the primary source of information relating to the suitability of the ten
candidate sites. Table 3-2 has also been prepared in order to summarize the assessments of the
sites.

The Bay Area FSP Evaluation was conducted on Route 880 in Alameda County. The following
discussion includes some level of comparison of the Los Angeles sites to the Bay Area sites.

Functional Loop Detectors

In concert with the critical nature of the real time loop data, Beat 7 and Beat 1 were eliminated
from further consideration due to the relatively large loop spacings (greater than one mile in both
cases). Also, the estimate that only 67% of the loops on Beat 1 also results in the elimination of
Beat 1. The "functional density” for the remaining Beats can now be calculated. For this
analysis, the functional density is simply the distance between loops multiplied by the estimated
percentage of active loops. Functional density for the remaining beats is shown in Table 3-2,

Therefore, from strictly a "functional loop density" standpoint, Beats 8 and 17 appear to be the
optimal choices. In addition, Beats 5, 6, and 19 were discarded primarily due to a "*functional
loop density™* less than one per mile. As a means of comparison to the Bay Area FSP study, the
functional loop density for Route 880 is 2.90, which compares most closely with Beats 8 and 17
in Los Angeles.

CongestionLevels

In terms of AADT, all Los Angeles freeway segments have AADT greater than 200,000 vehicles
per day, ranging from 205,000 to 284,000 vehicles per day. As shown in Table 3-1, congestion
levels (@srepresented by speeds) vary significantly over the segments under consideration, as
does the directionality of congestion. Several segments are highly directional, while portions of
others are congested during both peak periods. This is especially true for segments that include
major bottlenecks such as freeway-to-freeway interchanges. Beats 1, 5, 6, 7 and 19 were
eliminated from consideration due to the unfavorable loop detector functionality. Therefore,
Beats 2, 4, 8, 16, 17 and 23 will be assessed from the perspective of AADT and congestion. The
term “directionality” is used to indicate whether there is only congestion on the particular
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segment in the peak direction. Table 3-2 shows the AADT for each route, along with an
assessment of the “directionality” of congestion.

From this analysis, it appears that Beats 17, 4, and 2 would be most desirable for analysis, since
there is some level of congestion in both directions during both peak periods. From a strictly
volume perspective, it is noted that Beats 16, 8, 17, and 4 have the highest daily estimated
volumes, near 250,000 vehicles per day in all cases. We note that Route 880 had an AADT of
approximately 180,000 vehicles per day, so all segments meet the criterion of having higher
volume.

Assisted Incident Frequency

Several data series from Table 3-1 were next converted to provide the total number of assisted in-
lane incidents per mile. This was done by dividing the total number of in-lane assists by the
length of the beat in miles. The results for all ten beats under consideration are shown in Table
3-2. As shown, Beat 8 and Beat 23 have the highest numbers of in-lane assists since inception of
the FSP program.

Geometrics

By studying the shoulder ratings in Table 3-2, it is noted that there is not an excessive variation
in shoulder characteristics. A lower weight has been assigned to the shoulder width as an
evaluation criterion, since all segments have at least a 3.5-foot shoulder. In terms of comparison
to Route 880, it is noted that the Bay Area segment has relatively good shoulders (minimum 8
feet) for most of the segment. A potential disadvantage of Beat 17 are the *“continuous“auxiliary
lanes and weaving maneuvers for most of the segment length. Beat 23 is also characterized by
good, wide shoulders for the majority of its length, as is Beat 8. Beat 8 is somewhat complicated
by the presence of the EI Monte HOV facility, which includes one HOV lane in each direction.

16



3.6 Preliminary Summary
Based on the above discussion, the key criteria are summarized in Table 3-2:

TABLE3-2 SUMMARY TABLE

Beat | Route| Shoulder In-Lane AADT Directionality| Functional
Rating Assists per Loop

mile Density

BayArea |880 |8 Yes 2.90/mile

As discussed above, Beats 1, 4, 5, 6,7, and 19 were discarded due to the undesirable working
loop density (due primarily to large loop spacing). It has also been said that Beats 17, 8 and 23
appear to exhibit desirable congestion characteristics, particularly in comparison with Route 880
and consistent with the objective of studying a freeway segment with high AADT. Next, the
incident rates (per mile) of the candidate beats have been compared to and it has been found that
Beats 8 and 23 have favorable numbers. As shown on the HICOMP maps (Figures 3-1 and 3-2),
much of Beat 23 is uncongested (south of Route 105). However, within Beat 23, Route 710 peak
period speeds are relatively close to those on Beat 8 and Beat 17. However, the congestion on
Beat 23 may be influenced by other freeways. Based on the above analysis it is proposed to look
more closely at Beats 17, 23 and 8.

17
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3.7 Detailed Test Site Evaluation

Wiltec has been retained for the traffic data collection efforts. In order to verify the congested
speed estimates for Beat 23 and Beat 17, Wiltec performed some travel time and speed runs
along the freeways on Tuesday, December 5, 1995, during the A.M and P.M. peak periods. Beat 8
was not subjected to this travel time test since the site is near Beat 17.

This preliminary survey was very simple, but has provided some valuable information. A
summary of the data collected appears in Table 3-3. Results of these travel time surveys are
shown in Figures 3-3 and 3-4.

On Beat 23, in general higher speeds are more prevalent. In fact, for the A.M. peak there is tight
bunching of speeds between 50 mph and 60 mph in the southbound direction. Northbound A.M.
peak traffic exhibits stop-and-go characteristics. The .M. peak exhibits higher variability, with
some stretches of up to 70 mph travel.

On Beat 17, the average speeds are also relatively high. However, there are several periods of
very low speeds, with many more fluctuations. Opposite to Beat 23, Beat 17 exhibits greater
variability during the p.M. peak period.

TABLE3-3 SUMMARY OF TRAVEL TIME RUNS - DECEMBER 5,1995

Beat 17 Start Time 9.29 Miles | Time (min) | Average Speed
AM 7:00 w 10 56
7:27 E 12 46
7:45 w 23 24
8:20 E 17 33
PM 4:00 W 9 62
414 E 9 62
4:29 w 11 51
5:03 E 10 56
5:18 W (Acc.) 16 35
5:43 E 12 46
Beat 23 Start Time 19.59 Miles | Time (min) | Average Speed
7:00 S 19 62
7:26 N 33 1 36
8:03 S 20 59
8:33 N 20 59
4:00 S 25 47
4:27 N | 29 41
4:58 S [ 32 37

20



FIGURE 3-3 1-10A.M. AND P.M. PEAK
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FIGURE 3-4 1I-710 AM. AND P.M. PEAK
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3.8 Refinement of Sites for Further Analysis

Subsequent to the travel time runs on Beat 17, and based on discussions with Caltrans, CHP and
the LAMTA, Beat 17 was eliminated as a candidate site. The presence of continuous auxiliary
lanes was a major determinant in making this decision. It was felt that the presence of auxiliary
lanes would mask the potential congestion reduction benefits achieved with the implementation
of the FSP program. This meant that only Beat 23 and Beat 8 were subjected to the final stage of
site selection analysis, as described below.

39 Beat 23 (Route 710) Loop Data Assessment

The preliminary site selection analysis has led to the performance of further detailed analysis on
the Route 710 (Long Beach Freeway) site, approximately between the Junction with Pacific
Coast Highway in Long Beach (PM7.887) and just north of the Gravois Avenue Overcrossing in
Alhambra, approximately one mile north of the Route 10 Junction (PM 27.387). This
corresponds to FSP Beats 23 and 30.

From the Caltrans/Maxwell Laboratories Southern California’ Only Online Real-Time Traffic
Reports page on the World Wide Web (http://ww.scubed.com/caltrans/transnet.html) a list of
“sensor locations’” was also obtained which provide real time traffic speed data over the Internet.
There are 24 Southbound “sensors” listed and 20 Northbound “sensors,” for a total of 44. Each
of these sensors appears to be producing a reasonable speed range indicator; for 35 MPH, 20-35
MPH, and ¢ 20 MPH. These ranges are indicated by green, yellow and red dots, respectively.
This provides some level of preliminary confidence that loop detectors are working out in the
field and providing data to the Modcomp compulter.

District 7 also provided an Ordered Freeway Printout from Modcomp covering this portion of
Route 710 listing data for 25 Southbound and 25 Northbound loop detector zones, for a total of
50. These data are summarized on the attached Table 3-4 and Table 3-5 for Northbound and
Southbound Route 710. It is noted that there are seven “zones” which do not appear as “sensor
locations” on the Internet, and there is one sensor location that appears twice. This accounts for
the difference of 6 (50 - 4Dwhich was observed.
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TABLE 3-4 NORTHBOUND ROUTE 710 ZONES

NORTHBOUNDROQUTE 710
Roadway 31 0 1 2 3 4 5 6 7 8 9 A B C D E F
Up Down Modem Controller Figld 170 Installed Opera- Mainline On Ramp Instru- Off  Instru- Instru- Opp. Side Secondary Zone Zone Zone

| postmile Cross Street Zone Zone Zone NO Number ___Lo¢. No, tional Detectors Detectors Metered rnented Ramp mented Coll/Dist mented Detectors  Side ~ Dlverge Converge Converas Unused
9.72 Paclfic 123 Q151 9 2 450  Yes Yes No Yes Yes Yes No No No No No No No No No .
10.69 Del Amo 1 151 123 126 9 16 451 Yes Yes No Yes Yes Yes  Yes  Yes No No No N o NoN@ o No
11.00 Del Amo 2 126 151 264 9 17 452  Yes Yes Yes Yes Yes Yes  Yes  Yes No No No No No No N oNoO

| 1213 longBReach 264 126 715 24 5 453  Yes Yes Yes Yes Yes Yes _ No No No No No N o N oNoO O N oN
13.25 Aflantic 715 264 401 24 6 454  Yes Yes Yes Yes Yes Yes No No No No No No No No NoNoOo
1410 Alondra 401 715 1607 24 13 455  Yes Yes Yes Yes Yes Yes  No No No No No No NoNoO N oN

| 14.38 Compton 1807 401 403 24 1 2209  Yes Yes Yes No No No No No No No Yes Yes No No N oNoO
14.90 Rosecrans 1 403 1807 404 6 17 456 Yes Yes Yes Yes Yes No No No No No No N o NoNO O No No |

| 15.10 Rosecrans 2 404 403 1804 6 18 457 Yes Yes Yes Yes Yes Yes No No No No No No NoNoO o N oNoO
15.30 Sof 105 1804 404 1647 6 15 2647 Yes Yes Yes No No NoNoNoO No No Yes Yes No No NoNo
15.90 King 1 1647 1804 720 24 7 450 Yes Yes Yes No No N oNoNGO No No Yes Yes No No NoNoOo
16.10 Fm At 105 720 1647 1650 24 16 2002 Yes Yes Yes N o No No No No Yes Yes No No No Yes No No
16.50 King 2 1650 720 405 24 20 2210 Yes Yes Yes Yes Yes No No No No Yes Yes Yes No No NoNoOo
1690 Imparial 1 405 1650 130 24 15 462  Yes Yes Yes Yes Yes No ND No No No No No No No NoNo
17 05 |mparlal 2 130 405 399 24 16 463 Yes Yes Yes Yes Yes Yes  Yes  Yes Yes Yes No N o NoNo NoNo
1842 Firestone 1 399 130 400 16 12 464 Yes Yes Yes Yes Yes Yes  Yes  Yes No No No No NoNo NoNo
18 51 Firestone2 400 399 154 16 13 465  Yes Yes Yes Yes Yes Yes  Yes  Yes Yes Yes No No NoNo NoNoO
19 50 Florence 1 154 400 132 16 2 466 Yes Yes No Yes Yes Yes  Yes  Yes No No No No No No N oNoO
19 76 Elarence? 132 154 661 16 1 467 Yes Yes Yes Yes Yes Yes  Yes  Yes Yes Yes No No N oNo N oNoOo
22 14 Aflantic 2 661 132 663 16 20 695  Yes Yes Yes Yes Yes No No No No No No No NoNoOo No No-
22 54 Washington 663 661 900 16 16 468  Yes Yes Yes Yes Yes No No No No No No N o NoNo No “ o
2316 Saof 5 900 663 133 16 11 312 Yes Yes Yes Yes No No No No No No Yes No No No No No |
2350 Olympic 133 900 897 16 5 469  Yes Yes Yes No Yes Yes  Yes  Yes No No No No NoNO NoNoOo
2431 S of 6O 897 133 134 23 4 2359 Yes Yes Yes Yes Yes No No No No No No No NoNo No No
24 43 Third 134 897 0 23 6 470  Yes Yes Yes No Yes Yes  Yes  Yes No No No No N oNo No No




TABLE 3-5 SOUTHBOUNDROUTE 710 ZONES

SOUTHBOUND ROUTE 710
Roadway 32 0 1 2 3 4 5 6 7 8 9 A B C D E F
Up Down Modem Controller Field 170 installed Opera- Mainline On Ramp instru-  Off  Instru- Instru- Opp. Side Secondary Zone Zone Zone

postmile Cross Street Zone Zone Zone No. Number  Lo¢. No. tional Detectors Detectors Metered mented Ramp mented Coll/Dist mented Detectors  Side Dlverge Converse Converge Unusec
24.85 Brooklyn 139 0 140 23 8 472 Yes Yes Yes No Yes Yes  Yes  Yes No No No N o N o N oo N oNoO
24.54 Third 140 139 896 23 9 473 _ Yes Yes Yes No Yes Yes No No No No No N o NoNo NoNo
24.30 S of 60 896 140 822 23 5 2539  Yes Yes Yes Yes No No No No Yes Yes No N o NoNo N oNo
23.71 Eastern 822 896 143 23 10 2255  Yes Yes Yes No No No Yes No No No No No N o N oNoO
23.47 Olympic 143 822 1900 18 6 474  Yes Yes Yes No Yes Yes No No No No No No N oNoO NoNoO
23.16 Sof 5 1900 143 407 16 11 312  Yes Yes Yes Yes Yes No No No No No Yes Yes No No N oNoO
22.53 Washington 407 1900 408 16 17 475  Yes Yes Yes Yes Yes Yes Yes Yes No No No No N o N o N o N o
21.95 Atlantic 2 408 407 145 16 18 476 Yes Yes Yes Yes Yes Yes  Yes  Yes Yes Yes No No No No NoNO
19.76 Florence 2 145 408 161 16 3 478  Yes Yes Yes Yes Yes Yes Yes No No No No No N oN o No No
19.50 Florence 1 161 145 410 16 4 479  Yes Yes No Yes Yes Yes  Yes No Yes Yes No No N o N o No No
18.51 Firestone 2 410 161 411 16 14 480  Yes Yes Yes ' Yes Yes Yes  Yes  Yes No No No N o N o N o NoNo
18.42 Firestone 1 411 410 146 16 15 481  Yes Yes Yes Yes Yes Yes  Yes  Yes Yes Yes Yes Yes No No NoNo®o
16.98 Imperial2 146 411 147 24 17 482  Yes Yes No Yes Yes Yes No No No No No N o N o N o N oNO
16.92 Imperial 1 147 146 635 24 14 483 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No N o N o No No
16.50 King 2 635 147 634 24 20 2210  Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes No o N o NoNoOo
15.90 King 1 634 635 1004 24 7 458  Yes Yes Yes Yes Yes Yes No No No No Yes N o No N o N o N o
15.30 Sof 105 1004 634 719 6 15 2647  Yes Yes Yes No No No No No No No Yes No NoNoOo N oNoO
15.25 Fm Rt 105 719 1004 797 6 19 2901  Yes  Yes Yes Yes Yes Yes No No No No No No NoNo NoNoOo
15.01 Rosecrans2 797 719 796 24 11 459  Yes Yes Yes Yes Yes Yes No No No No No No N o N o N oNoOo
14.73 Rosecrans 1 796 797 1007 24 8 460  Yes Yes Yes Yes Yes No No No No No No N o No N o No ..
14.38 Compton 1007 796 152 24 1 2209  Yes Yes Yes No No NoNoNO No No Yes No N oNoO NoNoO
13.83 Alondra 152 1007 962 24 12 461 Yes Yes Yes Yes Yes Yes  Yes  Yes No No No No N o N o N o N o
13.11 Nof 91 962 152 367 24 3 2313 Yes Yes Yes No No NoNoNO No No No No N oNoO NoNoO
11.89 Long Beach 367 962 153 24 4 88 Yes Yes Yes Yes Yes Yes Yes Yes No No No No No No No No
1095 Amo 1 153 367 0 9 18 84 Yes Yes Yes Yes Yes Yes Yes  No No No No No No No NoNGO




Preliminary Loop Data Analysis

This is a preliminary analysis of the loop detector data received from Caltrans for the Los
Angeles area. This analysis is being conducted for two reasons. The first is to make sure that the
loop data are being read and interpreted correctly. There was some initial concern about
matching zones to loop detectors or matching up lanes with offsets in each data record. The
second reason that this analysis has been done is to verify what loop detectors are working
correctly. If there is a discrepancy in what loops appear to be working then a clear understanding
IS necessary.

The data that were provided by Caltrans District 7 are for two days, November 6 and 7, 1995.
The zone to loop detector mapping was also provided by Caltrans District 7. The program
written by Cheu, Prosser and Ritchie (UC Irvine) and the mapping provided by Caltrans were
used to extract the data from the tapes. (7) To automate the loop data verification process a small
analysis program was written to read in the occupancy files and generate some statistics. The
statistics were generated for every detector site and every lane. Hence, for each direction there
were 22 detectors x 4 lanes = 88 numbers per day. Note that zone 634 in the southbound
direction could not be found on the tapes. The statistics that we choose to generate were:

Number of data points above 50% occupancy.

Number of data points between 50% and 0% occupancy.
Number of data points below 0% occupancy.

Mean of the occupancy.

Standard deviation of the occupancy.

The value of 50% occupancy was chosen as a threshold based on experience with the 1-880 30-
second data. These statistics were used to look for things in the data that were visibly not valid,
such as a case where the output was always 32. Note that these tests are only detailed enough to
determine if the data is not being reported. More detailed tests will be needed to determine if the
thresholds are set correctly and if the detectors are over- or under-counting. An example of the
output for the southbound direction for lane 2 is given in Table 3-6. In this table, an example of
a loop detector that is not valid is in zone #1007. Here the output is always below O which
indicates that there are no data for these time periods. If, for example, a loop detector is deemed
not valid if the mean occupancy is less than zero, then from this table it turns out that on
November 7, 1995there were 9 invalid loop detectors in lane 2.
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TABLE 3-6 SAMPLESTATISTICS FOR NOVEMBER 7,1995, SB LANE 2

Zone# #Points #Pts > 50 50>#Pts> 0 0> #Pts Mean Std Dev
139 2341 0 2191 150 6.3 3.86
140 2341 0 2300 41 4.4 3.17
896 2341 0 0 2341 10 |0.00
822 2341 59 2089 193 119 | 1202
143 2341 43 2297 1 102 1123
1900 | 2341 114 1898 329 153 | 1845
407 2341 62 2278 1 1.5 | 1488
408 2341 0 0 2341 1.0 [0.00
145 2341 0 0 2341 210 |0.00
410 2341 0 2337 4 00 |o0.04
411 2341 2 2335 4 108 | 569
147 2341 0 2279 62 00 |0.16
635 2341 0 2022 319 47 3.58
1004 | 2341 0 2290 51 7.1 3.87
719 2341 0 2321 20 7.0 3.73
797 2341 0 1852 489 0.1 1.54
796 2341 0 2312 29 00 o1t
1007 | 2341 0 0 2341 1.0 |0.00
152 2341 0 2136 205 9.5 6.50
962 2341 0 2340 1 5.9 323
367 2341 0 2339 2 00  |0.03
153 2341 0 2338 3 6.8 5.36
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To determine if a loop detector was not providing proper data, the mean occupancy was first
examined. If this was less than zero then the loop detector was automatically labeled invalid. If
the occupancy was reasonable then the standard deviation was examined to make sure there was
some variance around the mean. In cases that seemed odd (like the variance was very low or
very high) plots of the occupancy versus time were constructed to verify what was occurring. So
while most of the analysis was determined by only looking at the means and variances, there
were some cases where it was determined that the detectors were invalid from studying the actual
occupancy plots. The findings are summarized in Table 3-7. These tables list the total number
of invalid detectors in each lane in each direction. So, on November 7, 1995there were a total of
51 invalid loop detectors out of 176 leavingonly 71% of the detectors working. This results in a
functional loop density of approximately 1.1 loops per mile.

Perhaps something worth knowing is which loops are invalid on both days (instead of those that
are periodically questionable). These would probably correspond to loop detectors that are
definitely in need of repair. Table 3-8 is a list of the loop detectors that were found to be invalid
on both days.

TABLE3-7 INVALID LOOPS

November 6,1995 November 7,1995

| Lane Number | Lane #
Direction |1 (2 (3 |4 | Total Direction 1 I 2 I 3 | 4 | Total
North 4 4 5 71 21 0 North 4 |14 |5 |7 120
South 6 9 ¥V 4 2 9 South 6 19 |9 |7 131
Total 10| 13| 12| 14| 49 Total 10 (13 114 {14 | 57
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TABLE3-8 INVALID ONBOTH DAYS

Lane #

Zone 1 (2 (3 |4
North

1807 X |x |x [|x
404 X |x |x |x
1647 X
405 X |x |x |x
132 X {x |x [|x
897 X
134 X
South

896 X [x |x |[x
1900 X
408 X |x |x |x
145 X [x |x [x

1410 X

147 X |x |x

797 X [x |x {x
796 X [x |x

1007 X [x [x |x
367 X X

Subsequent to this analysis there were some concerns, particularly whether the loops listed in
Table 3-8 were definitely invalid. It was also observed that some loops seem to sporadically go
out on some days, and it was hoped that there would be some opportunity to repair some
detectors prior to commencing the data collection effort.
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3.10 Beat 8 (Route 10) Loop Data Assessment

Based on the test site proposals, it was determined that Beat 8 along Route 10 should be given
the same level of scrutiny as Beat 23 along Route 710. Therefore, an extensive site analysis for
Beat 8 was also performed. Beat 8 is located on Route 10 from PM 20.9 to PM 28.7. The list of
good loop detectors is provided in Table 3-9. The list of invalid detectors for December 7, 1995
is given in Table 3-10 below. An x marks a nonfunctioning loop detector.

TABLE3-9 NUMBER OF GOOD LOOPS FOR DECEMBER 7,1995

Direction Lane Number Total
1 2 3 4

East - 11/25 10/25 7125 10/25 38/100

West 10/25 10/25 11/25 10/25 41/100

Total 21/50 20/50 18/50 20/50 79/200

A sample of the statistics for December 7, 1995 for lane 4 for the eastbound and then the
westbound loops are given in Tables 3-11and 3-12 below.
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TABLE 3-10 INVALID LOOPS BEAT 8

Eastbound December 7,1995 Westbound December 7,1995
| Lane Lane

Zone 1 2 3 4 Zone |1 2 3
942 X X X X 451

941 X X 1585 X X
940 X 453 X X X
968 X X X X 1594 [x X X
998 X X X X 454 X X X
752 X X X X 455 X X X
972 X X X X 456 X X X
483 X X X X 458

484 X X X X 457

486 437

485 438

1581 X X X X 466

482 472

481 996 X
436 476 X
444 474 X
449 473 X X X
445 475 X X X
446 997 X X X
440 X X X X 751 X X X
447 X X X X 971 X |x X
448 X X X X 818 X X X
1653 X X X X 1565 |x X X
450 X X X X 1573 |x X X
452 X X X X 1566 | x X X
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TABLE 3-11 SAMPLE STATISTICS FOR DECEMBER 7, 1995, EASTBOUND LANE 4

Zone No. Points #>50 50>#>0 0># Mean Std. Dev.
942 2341 0 (0.00) 1154 (0.49) | 1187 (0.51) | -0.5 0.50
941 2341 36(0.02) |1118(0.48) | 1187 (0.51) | 4.8 10.95
940 2341 0 (0.00) 623 (0.27) |1718(0.73) | -0.3 1.42
968 2341 0 (0.00) 0 (0.00) 2341 (1.00) { -1.0 0.00
998 2341 0 (0.00) 0 (0.00) 2341 (1.00) | -1.0 0.00
752 2341 0 (0.00) 0 (0.00) 2341 (1.00) | -1.0 0.00
972 2341 0 (0.00) 0 (0.00) 2341 (1.00) | -1.0 0.00
483 2341 0 (0.00) 0 (0.00) 2341 (1.00) | -1.0 0.00
484 2341 0 (0.00) 0 (0.00) 2341 (1.00) | -1.0 0.00
486 2341 4 (0.00) 1146 (0.49) | 1191(051) | 29 5.95
485 2341 5 (0.00) 1146 (0.49) | 1190(051) | 5.8 8.60
1581 2341 1154 (0.49) | 0 (0.00) 1187 (05 1) | 55.2 57.01
482 2341 4 (0.00) 1146 (0.49) | 1191(051) | 5.6 8.66
481 2341 7 (0.00) 1141(0.49) | 1193 (0.51) | 3.6 6.89
436 2341 9 (0.00) 1144 (0.49) | 1188(0.51) | 4.0 744
444 2341 5 (0.00) 1147 (0.49) | 1189(0.51) | 60 9.07
449 2341 13 (0.01) 1141(0.49) | 1187(051) | 4.1 7.97
445 2341 3 (0.00) 1151(0.49) | 1187 (0.51) | 47 7.88
446 2341 12 (0.01) 1142 (0.49) | 1187 (051) {59 10.06
440 2341 0(0.00) |0(0.00) 2341 (1.00) | -1.0 0.00
447 2341 0 (0.00) 0 (0.00) 2341 (1.00) | -1.0 0.00
448 2341 0(0.00) 0 (0.00) 2341 (1.00) | -1.0 0.00
1653 2341 0(0.00) 11 (0.00) 2330 (1.00) | -1.0 0.07
450 2341 4 (0.00) 1148 (0.49) | 1189 (051) |45 8.11
452 2341 0 (0.00) 0 (0.00) 2341 (1.00) | -1.0 0.00
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TABLE 3-12 SAMPLE STATISTICS FOR DECEMBER 7, 1995, WESTBOUND LANE 4
Zone No. Points #>50 50>#>0 0># Mean Std. Dev.
451 2341 2 (0.00) 1152 (0.49) | 1187 (0.51) | 3.6 6.29
1585 2341 0 (0.00) 1152 (0.49) | 1189 (0.51) | -0.5 0.50
453 2341 11 (0.00) 0 (0.00) 2330 (1.00) { -0.5 6.91
1594 2341 0 (0.00) 0 (0.00) 2341 (1.00) | -1.0 0.00
454 2341 0 (0.00) 0 (0.00) 2341 (1.00) | -1.0 0.00
455 2341 0 (0.00) 0 (0.00) 2341(1.00) | -1.0 0.00
456 2341 1154 (0.49) | 0 (0.00) 1187 (0.51) | 48.8 50.50
458 2341 21 (0.01) 1131 (0.48) | 1189 (0.51) { 4.9 9.63
457 2341 36 (0.02) 1118 (0.48) | 1187 (0.51) | 5.5 11.39
437 2341 3 (0.00) 1150 (0.49) | 1188 (0.51) | 5.4 9.28
438 2341 0 (0.00) 1153 (0.49) | 1188 (0.51) { 4.9 1.67
466 2341 28 (0.01) 429 (0.18) | 1884 (0.80) | 2.2 9.66
472 2341 59 (0.03) 1095 (0.47) | 1187 (0.51) { 2.9 12.20
996 2341 12 (0.01) 1142 (0.49) | 1187 (0.51) | 5.3 9.29
476 2341 21 (0.01) 1130 (0.48) | 1190 (0.51) | 4.0 8.94
474 2341 7 (0.00) 1146 (0.49) | 1188 (0