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Module 1

Evaluation of Data Quality



Contents
|

m Available Data for Year 2004

= Available data in Year 2004 classified by Incident and by
Disabled Vehicle

= Available data in Year 2004 and comparison with the
available data in Year 2003

m Data Quality Analysis

s Data quality in Year 2004 and comparison with the data
quality in Year 2003
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Available Data for Year 2004

— classified by type
Type
Year Total
Disabled Vehicles Incidents
2002 19,062 13,752 32,814
2003 20,455 18,068 38,523
2004 21.412 19,127 40,539

Note: Data Format — CHART II Database



Available Data for Year 2004

— classified by type and operations center

Operations | +y~3 | 1oca | soc | Tocs | Other Total
Center
- 21,412
osaded | 8551 19,750 | 932 | 904 | 1,275
ehicles (20,455)
| 19,127
Incidents 6,464 6,066 | 2,996 157 3,444
(18,068)
40,539
Total 15,015 | 15,816 | 3,928 1,061 4,719
(38,523)

Note: Number in each parenthesis shows the data from Year 2003.




tatistics Summary for Data Quality and Comparison
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tatistics Summary for Data Quality and Comparison
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Module 2

Statistical Analysis and Comparison of Data
Characteristics and Distribution



| IContents
|

» Distribution of Incidents and Disabled Vehicles by
* Road
» Peak and Off-Peak Hours
* Weekday and Weekend
* Lane Blockage

= [.ocation
= [-495/95, 1-95, I-270, and 1-695

= Detection Source

= Duration

m (Cleared Time — Received Time
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‘ P1str1but10n of Incidents and Disabled Vehicles

- by Peak* and Off-Peak Hours -

TOC 3 TOC 4 TOC S5
2004 | 2003 | 2004 | 2003 | 2004 | 2003
Peak™ | 44% | 43% | 46% | 45% | 16% | 15%
Off-Peak | 56% | 57% | 54% | 55% | 84% | 85%
SOC Other Total
2004 | 2003 | 2004 | 2003 | 2004 | 2003
Peak* | 20% | 22% | 26% | 24% | 39% | 40%
Off-Peak | 80% | 78% | 74% | 76% | 61% | 60%

Note: * Peak Hours — Weekdays 7:00 am to 9:30 am and 4:00 pm to 6:30 pm
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I P1str1but10n of Incidents and Disabled Vehicles

- by Weekday and Weekend -
TOC 3 TOC 4 TOC 5
2004 | 2003 | 2004 | 2003 | 2004 | 2003
Weekdays | 99% | 98% | 99% | 98% | 29% | 30%
Weekends | 1% 2% 1% 2% | 71% | 70%
SOC Other Total
2004 | 2003 | 2004 | 2003 | 2004 | 2003
Weekdays | 66% | 70% | 74% | 70% | 91% | 92%
Weekends | 34% | 30% | 26% | 30% | 9% | 8%
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‘*IDistribution of Incidents and Disabled Vehicles™
I

- by Lane Blockage -

Frequency
25,000 7

20,000

15,000

10,000

5,000

0

Shoulder* 1 Lane 2 Lanes** 3 Lanes** >=4 [Lanes**

O Year 2004 B Year 2003

Note: * “Disabled Vehicles™ are all classified as “Shoulder” lane blockage

** Also includes shoulder lane blockages
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Frequency
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I IDistribution of Incidents and Disabled Vehicles*

- by Lane Blockage and Road -

7,078 - Washington Region -
Year 2004

[-495/95 [-95 [-270

Year 2003

[-495/95 [-95 [-270

O Shoulder M 1 Lane [ 2 Lanes** [ 3 Lanes** M >=4 Lanes**

Note: * “Disabled Vehicles™ are all classified as “Shoulder” lane blockage

** Also includes shoulder lane blockages
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I IDistribution of Incidents and Disabled Vehicles*

- by Lane Blockage and Road -
8.000 | - Baltimore Region -
’ 0.1o8 Year 2004
6,000 -
4,000 |
& 2,000
2 2,000 418 36 78 2
= 0 1-695 1-70 1-83
8,000 [ 6,322
6.000 | Year 2003
4,000 |
2,000 317 40 49 17 40 63 75 18 30
0 1-695 1-70 1-83
[ Shoulder M 1 Lane [ 2 Lanes** [13 Lanes** M >=4 Lanes™*
Note: * “Disabled Vehicles™ are all classified as “Shoulder” lane blockage

** Also includes shoulder lane blockages
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I I[)istribution of Incidents and Disabled Vehicles

- by Location -

Frequency
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Location -

1stribution of Incidents and Disabled Vehicles
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‘*IDistribution of Incidents and Disabled Vehicles
I

- by Location -
Frequency
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Irgources of Detection

No Info. Other CCTV

0.2%[0.2] | 2.3%][3.1] 2.4%[2.2]
System Alarm
0.04%[0]
SHA
4.4%[5.2]
¥ MDTA
9.1%[5.7]
State Police
19.2%][21.6]

&Local Police

6.6%[6.7]

Media
1.3%[1.3]

MCTMC
0.6%[0.9]

Citizen
1.4%[2.1]

CHART
52.5%[50.9]

Note: Numbers in [] show the percentages from Year 2003
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| rSources of Detection for TOC 3
|

No Info. Other

Media 0.2%[0.1],  4.1%[5.8 2(33(ST2V1
3.2%[2.8 3%I211g grom Alarm

MCTMC 0.03%[0.1]

1.5%[1.8]
SHA

3.3%[4.6]

Citizen MDTA

0.5%[0.5] 0.01%[0]

State Police
19.2%[21.3]

Local Police

CHART 0.7%[0.7]

65.0%[60.2]

Note: Numbers in [] show the percentages from Year 2003
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Irgources of Detection for TOC 4

] Other
No Info._ 0.4%[0.4]
. 0.08%][0] cerv
Media 0.8%[0.7]
0.08%][0.1] System Alarm

MCTMC 0.03%[0]

0.0%][0] SHA
4.2%[4.8]
Citizen \ MDTA
1.8%[2.1] 0.03%[0.2]
State Police
24.3%[26.0]
CHART
58.0%[55.3]
\ Local Police
10.5%[10.3]

Note: Numbers in [] show the percentages from Year 2003
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Frequency

I IDistribution of Incidents and Disabled Vehicles

- by Duration and Operations Center -
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Average Duration of Incidents

- by Lane Blockage and Road -

Duration (min) |  1-495/1-95 1-95 1-270 1-695
(Data Avail.) | 2004 | 2003 | 2004 | 2003 | 2004 | 2003 | 2004 | 2003
Shoulder 140 | 150 | 233 | 223 | 156 | 159 | 202 | 156
ouide (71%) | (73%) | (68%) | 40%) | (85%) | (73%) | (49%) | (9%)

. 235 | 176 | 279 | 289 | 379 | 17.8 | 520 | 558
ane 67%) | (75%) | (50%) | (30%) | (75%) | (65%) | (55%) | (16%)
N 265 | 577 | 541 | 406 | 348 | 313 | 481 | 775
(76%) | (711%) | (53%) | 29%) | (86%) | (74%) | (52%) | (15%)

3 Lancck 3906 | 494 | 676 | 560 | 432 | 378 | 634 | 593
(82%) | (65%) | (52%) | (31%) | (83%) | (76%) | (54%) | (21%)

o 4 Lanac? 776 | 845 | 957 | 904 | 813 | 655 | 887 | 972
= (83%) | (64%) | (55%) | (31%) | (82%) | (84%) | (63%) | (27%)

Note: * Also includes “Shoulder” lane blockages
** The number in each parenthesis shows the percentage of data available
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Module 3

Evaluation of Incident Management Performance

- Response Time, Clearance Time and Duration -



Contents
|

s Comparison of performance classified by
operations center

- Response Time - Duration

s Comparison of performance classified by lane
blockage
- Response Time - Clearance Time

- Duration

l.nmuja
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esponse Time by Operations Center
|

Year 2004 v.s. Year 2003
Response Time = Arrival Time — Received Time

Response Time

(min.)
1145 1L.67

14
12

TOC3 TOC4 TOCS SOC DIST6 AVERAGE

[ Year 2004 WYear 2003

Note: 1. Only use data with Response time >= 60 seconds and <=1 hours.

2. The percentage shows the amount of data available for computing the Response Time.
28



‘*IDuration by Operations Center
|

Year 2004 v.s. Year 2003

Duration = Cleared Time — Received Time

Incident Duration 47.01

50 | (min.)
45 |
40 |
35 1
30
25
20 15054655 2
15
10 |

37.89

9 18.69

TOC3 TOC4 TOCS SOC DIST6  AVERAGE

[ Year 2004 WYear 2003

Note: 1. Only use data with Response time >= 60 seconds and <=1 hours.

2. The percentage shows the amount of data available for computing the Duration.
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Jnmdent Response Time by Lane Blockage

Response Time = Arrival Time — Received Time

With SHA Patrol Without SHA Patrol
Blockage Response Time | Frequency |Response Time | Frequency
(min) (min)
shoulder 3.96 2,798 2.21 307
I lane 5.63 1,648 2.51 1,462
2 lanes 4.22 2,159 2.53 732
3 lanes 5.03 653 1.93 217
>=4 lanes 5.14 847 1.83 208
Unknown 9.30 6,777 4.55 1,319
Total 6.73 14,882 3.06 4,245
(7.27) (14,591) (3.03) (3.477)

Note: 1. “Response Time” is computed by the qualified samples with their durations within
mean =+ 2*deviation and less than 2 hours.

2. The number in each parenthesis shows the result of year 2003.

30



Incident Clearance Time by Lane Blockage

Clearance Time = Cleared Time — Arrival Time

With SHA Patrol Without SHA Patrol
Blockage Cleargnr;ci:g)Time Frequency Clear(algcizrel:)Time Frequency
shoulder 10.16 2,798 21.71 307
1 lane 19.03 1,648 15.78 1,462
2 lanes 23.20 2,159 28.86 732
3 lanes 31.72 653 40.12 217
>=4 lanes 49.59 847 41.44 208
Unknown 10.11 6,777 16.23 1,319
Total 16.20 14882 21.10 4245
(17.00) (14,591) (23.74) (3,477)

Note: 1. “Clearance Time” is computed by the qualified samples with their durations within
mean = 2*deviation and less than 2 hours.

2. The number in each parenthesis shows the result of year 2003. 31



Incident Duration by Lane Blockage (1/2)

Incident Duration = Cleared Time - Received Time

With SHA Patrol Without SHA Patrol
Blockage Duration (min) Frequency Duration (min) Frequency
shoulder 14.93 2,798 24.64 307
1 lane 43.99 1,648 22.86 1,462
2 lanes 49.86 2,159 54.41 732
3 lanes 52.47 653 76.69 217
>=4 lanes 106.61 847 77.04 208
Unknown 41.84 6,777 62.77 1,319
Total 42.34 14,882 46.24 4,245
(39.5) (14,591) (49.1) (3,477)

Note: 1. “Duration” 1s computed by the qualified samples with durations within
mean T 2*deviation.

2. The number in each parenthesis shows the result of year 2003.
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| Incident Duration by Lane Blockage (2/2)

Incident Duration = Cleared Time - Received Time

With SHA Patrol Without SHA Patrol
Blockage Duration (min) Frequency Duration (min) Frequency
shoulder 14.93 2,798 24.64 307
1 lane 23.40 1,648 19.15 1,462
2 lanes 27.50 2,159 32.76 732
3 lanes 35.41 653 43.39 217
>=4 lanes 53.47 847 43.90 208
Unknown 19.40 6,777 20.14 1,319
Total 22.82 14,882 24.65 4,245
(24.13) (14,591) (26.77) (3,477)

Note: 1. “Duration” 1s computed by the qualified samples with durations within
mean T 2*deviation and less than 2 hours.

2. The number in each parenthesis shows the result of year 2003.
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Module 4

Benefits due to Incident Management by CHART



Contents

» Benefits due to Incident Management by CHART
s Assistance to Drivers
s Direct Benefits to Highway Users

= Benefits due to efficient removals of stationary
vehicles
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Direct Benefits to Highway Users (cont.)

s Excessive Delay due to a Non-Recurrent Incident:

ADelay = e """ *(Traffic Volume)™*

.. INo. of Lane Blocked

Total No.of L )'* * (Incident Duration)"'
otal No.of Lanes

s Additional Fuel Consumptions

AFuel =e """ *(Traffic Volume)™”’

.« . No. of Lan e Blocked
Total No.of Lanes

) * (Incident Duration)"®

m Calibration is based on Actual Incident Scenarios Simulated with
CORSIM
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Direct Benefits to Highway Users (cont.)

s Emission Reduction Information
s The parameters provided by MDOT*
» HC: 13.073 grams per hour of delay
» CO: 146.831 grams per hour of delay
» NO: 6.261 grams per hour of delay

s The emissions cost data proposed in the literature
(Patrick, 1998)

= $6,700 per ton for HC
= $6,360 per ton for CO

» $12,875 per ton for NO
Note: * The parameters are provided by MDOT in Year 2000
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IIDirect Benefits to Highway Users (cont.)

Duration = Cleared Time — Received time

Reduction in Delay due to CHART
Million Veh-Hrs

(?gzgj) Total delay if without CHART

I Reduction in delay due to CHART = 32.05*** (31.95) million veh-hrs

231.19
(163.40)

Total delay with CHART

Note: * The analysis has excluded the outlier data (i.e., mean + 2 standard deviation)
** Including delays due to rubber-necking effects incurred by shoulder-lane incidents
*** The number in each parenthesis shows the data from Year 2003
42



Direct Benefits to Highway Users (cont.)

- For Trucks Only -

Reduction due to
CHART

[-495/
[-95

[-95

[-270

[-695

I-70

[-83

MD-295

US-50

US-1

Truck (%)

13.83
(10.7)

13.83
(10.7)

8.00
(8.7)

9.94
(10.9)

21.08
(17.9)

13.29
(7.2)

3.58
(1.2)

8.76
(10.9)

6.25
(4.4)

Total

Delay
(million veh-hrs)

0.530
(0.41)

0.430
(0.25)

0.032
(0.03)

0.816
(1.07)

0.110
(0.03)

0.192
(0.09)

0.044
(0.03)

0.076
(0.09)

0.006
(0.003)

2.236
(2.01)

Fuel consumption

(million gallons)

0.089
(0.07)

0.073
(0.04)

0.005
(0.01)

0.138
(0.18)

0.019
(0.01)

0.032
(0.02)

0.007
(0.004)

0.013
(0.02)

0.001
(0.001)

0.377
(0.34)

HC

6.93
(5.41)

5.62
(3.21)

0.42
(0.44)

10.67
(13.97)

1.44
(0.45)

2.51
(1.22)

0.57
(0.34)

0.99
(1.18)

0.08
(0.04)

29.23
(26.3)

Emissions

CO
(tons)

77.83
(60.8)

63.11
(36.0)

4.71
(4.99)

119.88
(157)

16.14
(5.04)

28.18
(13.7)

6.43
(3.86)

11.10
(13.2)

0.95
(0.50)

328.32
(295)

NO

3.32
(2.59)

2.69
(1.54)

0.20
0.21)

5.11
(6.69)

0.69
(0.21)

1.20
(0.59)

0.27
(0.16)

0.47
(0.56)

0.04
(0.02)

14.00
(12.6)

Note: The number in each parenthesis shows the result in Year 2003
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‘ Plrect Benefits to Highway Users (cont.)

- For Trucks Only -
Reduction due to : In dollar
CHART Amount Unit rate (million)
Delay $19.58/hour (truck driver’s cost)| 43.78 (39.34)
o Truck | 2.236
(million veh-hrs) $45.40/hour (cargo’s cost) 101.52 (91.21)
Fuel 1
HE SOMSHIREON ) 9377 $1/gal. 0.377 (0.339)
(million gallons)
o HC | 29.23 $6,700/ton
Emissions
(tons) CO | 328.32 $6,360/ton 2.464 (2.21)
ons
NO 14.00 $12,875/ton
Total $ 148.14 (133.10)

Note: 1. The truck driver’s cost and cargo’s cost are computed based on the information
shown later in the references

2. The number in each parenthesis shows the result in Year 2003. 4



‘ Plrect Benefits to Highway Users (cont.)

- For Total Vehicles -
Reduction due to : In dollar
CHART Amount Unit rate (million)
$19.58/hour (truck driver’s cost)| 43.78 (39.34)
Delay Truck | 2.236
o $45.40/hour (cargo’s cost) 101.52 (91.21)
(million veh-hrs) :
Car * | 23.709 | $14.34/hour (car driver’s cost) | 339.99 (355.79)
Fuel ti
He” SOMSHIPHON 5 410 $1/gal. 5.410 (5.39)
(million gallons)
HC | 418.99 $6,700/ton
Emissions
CO 4,706 $6,360/ton 35.32 (35.21)
(tons)
NO | 200.67 $12,875/ton
Total $526.02 (526.94)

Note: 1. The number in each parenthesis shows the result in Year 2003.

2. Delay Reduction for Cars is computed without using adjusted PCE for trueks.




Direct Benefits to Highway Users (cont.)

Total by Chart Washington Region Baltimore Region
Year 2004 | Year 2003 | Year 2004 | Year 2003 | Year 2004 | Year 2003
Annual Delay) © {35 050.143]31,945.820 14,368,130 | 14.761,838| 17,682,012 17,183 983
Reduction
Daily Delay |\ | 123270 | 122,869 | 55262 56,776 68,008 66,092
Reduction
Emission Reduction
HC | ton/day | 1.612 1.606 0.722 0.742 0.889 0.864
Reduction| §/day | 10,797 10,762 4,840 4,973 5,957 5,789
co | ton/day | 18.100 18.041 8.114 8.337 9.986 9.704
Reduction| §/day | 115,115 114,740 51,606 53,020 63,509 61,720
NO | ton/day | 0.772 0.769 0.346 0.355 0.426 0.414
Reduction| $/day 9,937 9,904 4,455 4,577 5,482 5,328
Total | $/day | 135,849 135,407 60,901 62,570 74,948 72,837
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Benefits due to Efficient Removals of

Stationary Vehicles

No.& Type
of blockages
per peak-hours
Per day

Daily

Peak-volumes

ABlockage
Duration No. of la?le'
w/ & w/o Changes within
CHART peak period

Length
of a segment

No. of
incidents
during
peak period

\/

Number of
lane changes at

Incident scene

Lane changes to

incident Ratio

= =

Number of potential incidents
reduced by CHART operations
due to effective removal of
vehicles

\/
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Benefits due to Efficient Removals of

Stationary Vehicles (cont.)

= Number of potential incidents reduced by CHART operations due
to efficient removals of disabled vehicles

Road Name 49571 1.95 1-270|1-695 | 1-70 | 1-83 |MD-295| US-50
I-95 Total
Mileage 41 | 63 | 32 | 44 | 13 |34 | 30 42

Year2004 | 112 | 81 | 16 | 104 | 20 | 20 | 14 17 | 384

Number of | year2003 | 171 | 92 | 20 | 147 | 9 |39 | 7 25 | 510

Potential 7y 2002 | 107 [ 105 | 10 | 71 | 12 | 10 23 | 343
Incident

Reduction | Year2001 | 174 | 79 | 13 | 65 | 2 | 10| 7 20 | 370

Year2000 | 297 | 12 | 14 | 47 7 | N/A | N/A | 385

*The analysis has excluded the outlier data (i.e., mean + 2 standard deviations)
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Distribution of Reported Secondary Incidents

Cumulative Number of Secondary Incidents

1,000
900 -
800
700 -
600 -
007 63
400~ 386
‘ 326
300 378
200
100 -
0
0.5 Hr 1 Hr 1.5 Hr 2 Hr

Duration After the Primary Incident (Hour)

—— 0.5Mile == 1.0Mile =— 1.5 Mile >~ 2.0 Mile
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Potential Reduction in Secondary Incidents

Duration = Cleared Time — Receilved time

s Secondary Incidents — the number of incidents occurred
within two hours after a major incident within the range of
» 2 miles downstream (2 hrs)
= (0.5 mile upstream (0.5 hr)

» (0.5 mile downstream opposite direction (0.5hr)
s Reported number of secondary incidents: 917 (760)

= The number of potentially reduced secondary incidents due
to CHART operations 1s 84** (185)

Note: * The number in each parenthesis shows the result in Year 2003
** The incident durations used excluding the outlier data with duration
outside the range of (mean * 2 standard deviation) and (less than 2 hours)
50



