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Robert Brown, VHB
‘Dan Baxter, VHB

Project No.:. 70618
From: Thomas Wholley Re: Air Quality Evaluation of

Robert Michaud Rhode Island’s Incident
Management Program

The 1990 Clean Air Act Amendments (CAAA) established new emission reduction requirements
for areas whose air quality levels exceeded the National Ambient Air Quality Standards
(NAAQS). The NAAQS were set by the U.S. Environmental Protection Agency (EPA).
Developing and implementing Congestion Management Systems Plan (CMS) is strongly
encouraged in the CAAA as a Transportation Control Measure (TCM) for reducing mobile source
emissions. Freeway incident management systems, such as Rhode Island’s Incident Management
Program, are considered to be TCMs. Rhode Island’s Incident Management Program is expected
to have a beneficial impact on traffic flow and will help reduce roadway congestion. Reduced
congestion levels are expected to increased average trip speed, will reduce incident-related

“vehicle pollution emissions, and will improve regional air quality.

The objective of this preliminary air quality analysis was to assess the potential air quality
benefits associated with the implementation of Providence’s Metropolitan portion of Rhode
Island’s Incident Management Program. Specifically, the air quality analysis calculated the ozone
precursor emissions {oxides of nitrogen and volatile organic compounds) and carbon monoxide
(CO) emissions using mesoscale analysis techniques. The mesoscale modeling relied on existing
incident and traffic characteristics for the I-95 and 1-195 corridors. The mesoscale air quality
analysis also predicted the emission reductions of ozone precursor and CO emissions due to
changes in traffic characteristics associated with Providence’s Metropolitan portion of Rhode
Island’s Incident Management Program. The analysis was conducted for the year 1999 and
followed the same procedures as were used in the development of emissions in the Rhode Island
State Implementation Plan (SIP). The year 1999 was chosen as the year of analysis because it is a
critical year for the SIP and the Providence Metropolitan portion of Rhode Island’s Incident
Management Program would be operational at that time. Rhode Island’s Incident Management
Program will be expanding area of coverage and implementing other measure which could be
included in future air quality analyses.
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Background

The I-95 and 1-195 corridors are located within an ozone nonattainment area. The 1990 CAAA
resulted in the entire state of Rhode Island being classified as a "Serious" ozone nonattainment
area. Rhode Island is required under the CAAA to implement emission reduction measures to
achieve attainment of the NAAQS. Emission reductions from TCMs, such as Rhode Island’s
Incident Management Program can play an important role in achieving the NAAQS for ozone.

~ Methodology

The air quality analysis evaluated the areawide emission reductions for metropolitan Providence
associated with implementation of Rhode Island’s Incident Management Program. Total
emissions of VOCs, CO, and NOx associated with pre- and post-incident conditions were
calculated with and without the programs implementation. The Rhode Island’s Incident
Management Program’s emission estimates were compared to emissions predicted to result
without the program (the No-Build condition). The Rhode Island’s Incident Management
Program Build condition reflects the operational characteristics that are based on "average”
system benefits that are likely to be achieved in metropolitan Providence. Specifically, the Build
conditions assume a 5- and 10-minute reduction in the detection/response/clearance time.

Traffic Parameters

The traffic parameters (traffic volumes, roadway geometry, and speeds) and incident-condition
traffic characteristics (vehicle delays, queue lengths, and roadway capacities) necessary for
modeling incident-related vehicle emissions are based on observations of peak hour traffic
conditions and existing traffic documentation for the I-95 and I-195 corridors.

Vehicle Emissions Model

All of the vehicle emission factors used in the air quality analysis were obtained using the EPA's
MOBILESa emissions model. MOBILESa is a computer model that is used to calculate VOC, CO,
and NOx emission rates from vehicles in grams per vehicle-mile. The emission rates calculated in
this study were adjusted to reflect Rhode Island-specific vehicle characteristics and emission
control programs. Specifically, these plans and programs included the state vehicle registration
age distribution, the Stage I Vapor Recovery System, alternative-fueled vehicle programs, and
temperatures representative of the summer ozone season. '

Air Quality Mesoscale Model

The objective of the mesoscale model is to calculate total vehicle incident-related emissions for the
I-95 and I-195 corridors under various traffic conditions based on the incident modeling output
and the vehicle emissions model output. This is achieved by converting incident characteristics to
equivalent emission rates and multiplying these rates by estimated vehicle-miles traveled by
vehicles impacted by the incident. I-95 and 1-195 vehicle emissions were determined by
calculating incident emissions for each roadway based upon incident type. The vehicle emission
rates are a function of travel speed. Under free-flow (pre-incident) conditions, vehicle speeds
were determined based on roadway volume to capacity (V/C) ratios. Incident-condition travel
speeds were determined by factoring in average vehicle-delay over the individual roadway link
to the time normally required to traverse the link under free-flow conditions. Calculated pre- and
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post-incident travel speeds were then matched with emission rates from the Mobile5a model
output. The pre- and post-incident VMT was calculated based on number of affected vehicles (a
function of incident duration) and roadway length. The number of affected vehicles was
determined by multiplying the average hourly vehicle demand rate during the incident period by
incident duration. Total incident-related vehicle-miles traveled was calculated by multiplying the
total affected vehicles by the length of roadway under evaluation. Table 1 presents the results of
the air quality analysis.

Resuits

The implementation of Rhode Island’s Incident Management Program will reduce the increased
emissions that result from incidents. The peak hour free flow emissions from the Providence
Metropolitan portion of the I-95 and 1-195 corridors are 76 kilograms (kg) of VOCs, 456 kg of CO and
167 kg of NOx. On a typical day with incidents (assuming 1.5 incidents per day during the peak traffic
period), the peak hour emissions would be 111 kg of VOCs, 782 kg of CO and 167 kg of NOx. These are
increases of 35 kg for VOCs and 326 kg for CO. The changes in NOx levels were insignificant. The
implementation of Rhode Island’s Incident Management Program that would result in a 5 minute
savings in detection/response/clearance time would reduce the incident emissions levels by 9 kg for
VOCs and 84 kg for CO. If Rhode Island’s Incident Management Program resulted in a 10 minute
savings in detection/response/clearance time, then the incident emissions levels would be reduced by
22 kg for VOCs and 206 kg for CO. All of the air quality results are presented in Table 1.

Table 1 - Rhode Island’s Incident Management Program
1999 Peak Hour Emissions (Kilograms)

Difference From Incident Emissions

Scenario VOCs co NOx VOGCs co NOx
Free Flow 76 456 167 -35 -326 No Change
Incident 111 782 167 NA NA NA
IMS (5 Minutes) 102 698 167 -9 -84 No Change
'IMS (10 Minutes) 89 576 167 -22 -206 No Change

The mesoscale analysis is a conservative estimate of emission benefits because it did not account for
changes in emissions from the following conditions:

»  The "off-corridor” emission impacts such as diversion routing. While better communications with
motorists is expected to occur under the 1-95/1-195 IMS program, route diversion to local roadways
is not likely to noticeably increase with I-95 IMS when compared to existing conditions,

o the "shock-wave" effects typical of incidents are not accounted for, which if considered would
result in longer queuing lengths than those calculated, longer estimated accident duration, and
larger values of total vehicle-hours of delay,

s the analysis does not account for the effects of travel speed reductions in opposing lanes of traffic
due to "curiosity factors,”

¢ the effects of reduced travel speeds approaching an accident queue zone are not accounted for, and
the accident duration assumes an "instantaneous” change in roadway capacity once an incident is
cleared, rather than the more gradual change that occurs as the vehicle queue dissipates following
an accident (i.e., the vehicle queue "collapse wave"). Consequently, post-accident recovery periods
may be underestimated.
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Vanasse Hangen Brustlin, Inc.

AIR QUALITY APPENDIX

» Mesoscale Analysis

» MOBILESa Output.Summary

> Incident Volume/Delay Model

» Incident Calculations

» Incident Management Calculations (5 Minutes)

» Incident Management Calculations (10 Minutes)



Vanasse Hangen Brustlin, Inc.

Mesoscale Analysis



EMIISION CALCULATION WORKSHEEY - ACcident Canditions

Providence
- 1
. DURATON. 30 Minutes [~ -] Vollal Organic Compaunds - YVOC
Sheuider Nockage Condliune
YMZ Coleuialion emed Cocuiokon lecidant Chenciarialica Emiasors Colcuiofion
T Vehicie Froeflow Congested Affected Tolal  incident Ermission Total Incicent
Lok Osionce Damand  YMI Sosed Deiov Sosed Yahicss Deioy Qumtion Foctor Emisainrg Emnismons
(Mies) (VehAv) (Vehrmi) (mph)  (min)  (mph) (vehh)  (Min)
95 8.60 640 74004 L] 210 3 5760 [ -] 40.00
198 4% % .42 45 5@ 24 12632 1008 110.00
Subtotal :
Single Lane Nockope Cancslions
YMT Colcuiaiion Soead Caicyalion Incident Charociernstics Emissione Caiculation
Vehicie Freeflow Congested Aftected  Total Incigent Emission Total Incioan!
Upk Ditonce Oemand YD Soped DRelgy  Soeed ¥Yahicies Deiy Dugtion Factor Emiagons Emugons
(Mies) (veh/m) (Veh-mi) (mph)  (min)  (mph) (veh-h)  (Min) flow inciden! Eilow locident (KD
(2] 8.60 8640 74,304 45 8.35 x 20160 20 140,00 on 1.04 54 7 2
195 4.3 0% 2.877 45 1050 16 27560 4850 240.00 on 1.58 2 47 25
Suttolal [ 76 124 4 ]
Tokol Acciaen! Staksics
Shouldet 1-lone 5% Shoul 50 1- Lane okl olal Frea Flow Emissions 76)
Unk Emasons Emissons Emissions otal Incident Emissions 111
1-98 74 230 37 1.5 15.2
195 139 252 70 126 19.6
lsuttotal
Towl n {KBoO! 8
TOTAL ACIDENT DURATION: 25 Minutes Polvtont Volita! Organic Compounds - VOC
Shoulder Bockage Condiions
YMI Calcuation Sosad Calcuiation Incident Charocterstcs Emissions Cojculation
Vehicle Freefiow Cengested Affacted Total Incldent Emisson Total Incident
Lok Didonce Qemaond MM dpeed Dekyy  Speed Yahicles Relgv Durghion Factor Emissions Emisons
\ (Mies) (Veh/mr) (Veh-m) (mph)  (min)  (mph) (veh-hr)  (Min.) Eflow Ingdent Efkw locdent Q)
95 8.60 8640 74,304 a5 1.68 kL 4320 1 30.00 073 o8l 54 -] ]
L195 430 a0 290.627 a5 336 28 8038 450 70.00 0.73 1.04 32 31 9
Subtotal | D 9) 15|
Singse Lane Blockage Condifons
YMI Cotculation Speed Caludgtion Incideni Characiedsiica Emissions Caicuotion
Vehicle ' Freeflow Congested Affected  Tora! incldent Emission Total incident
lnk Ditonce Demaond VM sggeq  Qalgy  Soasd yehicles Qelgy [urgtion Factor Emusions Emssons
(Mies) ' (Veh/hr) (Veh-mi) (mph)  (min)  (mph) (veh-hr)  (Min) Elow |ncident EBlow Incident  (KQ)
X 8.0 B&4D 74,304 45 424 3 12940 916 90.00 0.73 092 54 ) 14,
195 430 6890 29,627 45 924 17 28115 s 210.00 073 1.51 2 85 23
Subtotal L7 113 37 ]
Tolal Accident Siatscs
shouidet 1-lane S0% shoul 50% 1- lone ok
link  Emisions Emgsions Emissions * . [Totat incident Emissions 102
95 59 14 30 PAl 100 .
F19S 9.2 231 46 Vo 16,1
jsubtotat
Total n [ 28
TOTAL ACIDENT DURATION: 20 Mnutes Polutont Voltal Orgonic Compounds - VOC
Shoulder Bockape Condifions
YMI Caicuigtion Speed Coiculation Incideni Chamctedmics Emissions Caiculghion
Vehicle Freeflow Congasted Afecled  Total  Incident Emission Total Incident
Unk Didance Demand  WMI Speed DRalov  doeed Yehcles Delgy Dwation Factor Emyjony Embssions
(Milas) (Venmr) (Veh-mi (mph) {min) (mph) (ven-nr)  (Min} Eflow locident Efkw locdent  (XQ)
195 860 8440 74,304 “ 0.83 Q 1440 20 10.00 073 0.77 54 57 3
1-195 430 8290 29.627 ] 1.47 s 3445 96 30.00 0.73 0.82 22 2 4
Subtotol e 83 7]
Singile Lone Slockage Condifons
YMT Calcuatian Spead Cacuiofion Incident Chargctertsiics Emlasons Calcuigtion
Vehicla Fresaflow Congestad Aftected Total incident Emission Total Incident
Unk Dstanca Demand VAT Scsed QReky  dpsed ¥ehicles Qalov Dution factor Emisgons Emissions
(Mies) (Vehmn (Veh-mv) (mph)  (mn)  (mph) (veh-n)  (Min) Eilaw Incden! Eflow Inagent K
95 8.0 8440 74,304 4 213 38 5760 204 40.00 0.73 0.83 54 82 7
1195 430 6890 29,627 4 4.8 5 11483 88% 100.00 0.73 [BE) 22 33 12
Subtotal [ 7 95 9]
fokal Accident Statsics
Unk Emiwons Emasons Emisions ofal Incigent Emissions 89
95 30 74 15 37 52
=198 &4 19 22 59 B1
[subtotal
froal tn Emiasion (Xiog 3
6126197







Vanasse Hangen Brustlin, Inc.

MOBILE5a Output Summary



" Vanasse 'Hangen Brustlin, Inc.

MOBILESa Output File: ROF99.0UT 1/4/95 : Mobile 2 Excel v3.0
: 1899
VOC Emission Factors CO Emission Factors NOx Emission Factors

Speed Total Total Total
3 5.88 43,22 2.17
4 445 34.19 2.02
5 3.64 ‘ ' 28.61 1.92
6 3.1 24.81 1.85
7 274 . 22.04 1.80
B 2.51 19.93 : 1.75
9 2.33 18.27 1.72
10 2.18 16.92 1.69
1 . 2.05 - 15.81 1.66
12 1.83 14.87 _ 1.64
13 1.83 14.08 . 1.62
14 1.74 13.39 ‘ 1.60
15 . 1.65 12.79 ‘ 1.58
16 - 1.58 12.26 ‘ 1.57
17 1.51 11.79 1.55
18 1.44 11.37 1.54
19 1.38 ‘ 10.99 1.53
20 1.32 ' 10.54 1.53
21 1.28 1001 - 1.53
22 1.23 - 9.52 1.53
23 1.20 9.08 1.53
\ 24 1.16 T 867 1.53
25 1.13 8.29 : 1.53
26 1.09 7.94 1.53
27 1.06 7.62 1.54
28 1.04 7.32 1.54
29 1.01 7.04 1.54
30 0.99 6.78 1.54
31 0.96 ‘ 6.54 1.54
32 0.94 6.32 1.55
33 0.92 6.10 1.55
34 0.90 5.91 1.55
35 0.88 : 5.72 1.56
36 0.86 , 5.54 1.56
37 0.84 5.38 1.57
38 0.83 5.23 1.57

39 0.81 5.08 1.58 -
40 0.80 4.95 1.58
41 0.78 4.82 1.59
42 0.77 4.70 1.59
43 0.75 4.59 : 1.60
44 0.74 4.49 1.61
45 0.73 4.39 1.61
46 0.72 429 1.62
47 0.71 ‘ 421 1.63
48 0.69 412 1.64
49 0.69 413 1.69
50 0.69 4.13 1.73
51 '0.69 4.14 1.78
52 0.69 4.15 1.83
53 0.69 T 415 1.88
54 0.68 ‘ 4.16 1.93
55 0.68 4.18 1.98
56 0.70 4.62 2.03
57 ‘ 0.71 5.06 \ 2.09
58 0.73 5.51 2.14
59 0.74 5.96 2.20
60 075 6.40 2.25
61 ' 0.77 6.86 2.31
62 0.78 7.3 2.37
63 ) 0.80 . 7.77 2.43
64 ‘ 0.81 8.23 2.49

65 0.83 8.69 2.56
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Incident Volume/Delay Model
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Incident Calculations






NED |

Total Accident Duration: 0:30|Minutes

Detection/Response Time: 0:15

Clearance Time: 0:15

Growth Fac: 1% | Annual

Years 9

Peak Flow 7900 1990

Peak Flow 8640 1999

Capacity 2400

Block Cap. Shoulder: 2016

Block Cap. 1-lane: 1272

Block Type: SHOULDER Shoulder or ] iane

Blocked Capacity 1344  |PerIncrement

Freflo Capacity 1600  |Per Increment

Increment Demang 1440

Increment Time: 10 Minutes}

|
1-95 :
Elapsed . [increment | | Duration

Iime Demand | Capacity [=] Delay (Elapsed Minutes)
0:10 1440 1344 96 1216 10 10
0:20 2880 2688 192 2432 20 20
0:30 4320 4032 288 3648 30 30
0:40 5760 5632 128 4821 40 40
0:50 7200 7232 0 0 50 0
1:00 8640 8832 "0 0 | 60 0
1:10 10080 10432 0 0 70 0
1,20 11520 12032 0 0 80 0
1:30 12960 . 13632 0 0 Q0 0
1:40 14400 15232 0 0 ] 100 0
1:50 15840 . 16832 0 0 110 0
2:00 17280 18432 0 0 120 0
2.10 18720 20032 0 0 130 0
2:20 20160 21632 0 0 140 0
2:30 21600 23232 0 0 180]. 0
2:40 23040 24832 0 0 160 0
2:50 24480 26432 0 0 170 0
3:.00 25920 28032 0 0 180 0
3:10 27360 29632 0 0 190 0
3:20 28800 31232 0 0 | 200 0
3:30 30240 32832 0 0 210 0
3:40 31680 34432 0 0 220 0
3:50 33120 36032 0 0 230 0
4.00 34560 37632 0 0 240 0

Max Q: 1.6|Miles

Total Delay: 202 |Veh-Hours

Accident Duration: 40|minutes

6/26/97
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1-198 1
Total Accident Duration: 0:30|Minutes
Detection/Response Time: 015
Clearance Time: 0:15
Growth Fac: 1% |Annual
Years 9
Peak Flow 6300 1990
Peak Flow 6890 1999
Capacity 2400
Block Cap. Shoulder: 2016
Block Cap. 1-lane: 1272
Block Type: SHOULDER Shoulder or 1 lane
Blocked Capacity 1008 |Per Increment
Freflo Capacity 1200 |Perincrement
Increment Demang 1148
Increment Time: 10 Minutes
1-195
Elapsed increment Duration
__Time Demand | ‘Capacity ] Pelay (Elapsed Minutes)
0:10 1148 1008 140 Q980 10 10
0:20 2297 2016 281 1961 20 20
0:30 3445 3024 421 2941 30 30
0:40 4593 4224 369 3889 40 40
0:50 5742 5424 318 4838 50 50
1:.00 6890 6624 266 5786 60 60
1:10 8039 7824 215 6735 70 70
1:20 9187 9024 163 7683 80 80
1:30 10335 10224 111 8631 90 90
1:40 11484 11424 60 ‘9580 100 100
1:50 12632 12624 "8 10528 110 110
.2:00 13780 13824 0 .0 120 0
2:10 14929 15024 0 0 130 0
2:20 16077 16224 0 0 140 0
2:30 17226 17424 0 0 150 0
2:40 18374 18624 0 0 160 0
- 2:50 195622 19824 0 0 170 0
3:00 20671 21024 0 0 180 0
310 21819 22224 0 0 190] 0
3.20 22967 23424 0 0 200 0
3:30 24116 24624 0 0 210 0
3:40 25264 25824 0 0 220 0
3.50 26412 27024 0 0 230 0
4:00 27561 28224 0 0 240 0
Max Q. 2.4|Miles
Total Delay: 1059 |Veh-Hours
Accident Duration: 110|minutes
6/26/97
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1-95 1

Tolal Accident Duration: 0:30|Minutes

Detection/Response Time: 0:158

Clearance Time: 0:18

Growth Fac: 1% |Annual

Years 9

Peak Flow 7900 1990

Peak Flow . 8640 1999

Capacity 2400

Block Cap. Shoulder: - 2016

Block Cap. ‘ 1-lane: 1272

Biock Type: 1 : Shoulder or 1 lane

Blocked Capacity: 848 Per Increment

Freflo Capacity 1600 (Perincrement

Increment Demang 1440 ‘

increment Time: 10 Minutes

1-95 |
Elapsed Increment | Duration
Time Imgng Capacity ) Delay (Elapsed Minutes)
\ .
0:10 1440 848 592 1299 ' 10 10
0.20 2880 1696 1184 2697 20 20
0:.30 4320 2544 1776 3896 - 30 30
0:40 5760 4144 1616] 5069 a0 40
0:50 7200 5744 1456 6243 ' 80 50
1:00 8640 7344 1296 7416 60 60
1:10 10080 8944 1136 8589 70 70
1:20 11520 10544 976 9763 80 a0
1:.30 . 12960 . 12144 816 10936 : 90 Q0
1:40 14400} 13744 656 12110 100 100
1:50 15840 15344 , 496 13283 110 110
2:00 17280 16944 336 14456 ‘ 120 120
2:10 18720 18544 176 15630 130 130
. 2220 20160 20144 16 16803 140 140

2:30 21600 21744 0 0] | 150 0
2:.40 23040 23344 0] 0 160] 0
2:50 24480 24944 0 0 170 0
3:00 25020 - 26544 0 0 180 0
3:10 27360 28144 0 0 190 0
3:20 28800 29744 0 0 200 0
3:30 30240 31344 0 0 210 0
3:40 31680 32944 0 0 220 0
3:580 33120 34544 0 0 } 230| 0
4:.00 34560 36144 0 0 240 0

Max Q: 10.1 [Miles ]

Total Delay: 2135{Veh-Hours

Accident Duration: 140 |minutes

6/26/97 ' its.xls



1-195 I

Todal Accident Duralion: 0:30|Minutes

Detection/Response Time: 0:15

Clearance Time: 0:18

Growth Fac: 1% |Annual

Years 9

Peak Flow 6300 1990

Peak Flow 6890 1999

Capacity . 2400

Block Cap. Shoulder: 2016

Block Cap. 1-lane: 1272

Block Type: 1 shoulder or 1 lane

Blocked Capacity 636  |Perincrement ' '

Freflo Capacity 1200 |Per Increment

Increment Demang 1148

Increment Time: 10 Minutes

1-195
Elapsed Increment Duration
Iime Pemand | Capacity 2] Delay (Elapsed Minutes)
. 0:10 1148 636] 512 1042 10 10

0:20 2297 1272 1025 2085 20 20
0:30 3445 1908 1537 3127 30 30
0:40 4593 3108 1485 4075 40 40
0:50 5742 4308 1434 5024 50 50
1:00 6890 5508 1382 5972 60 60
1:10 8039 6708 1331 6921 70 70
1:20 9187 7908 1279 7869 80 80
1:30 10335 9108 1227 8817 90 90
1:40 11484 10308 1176 9766 100 100
1:80 12632 11508 1124 10714 11Q 110
2:00 13780 12708 1072 111662 ‘120 120
2:10 14929 13908 1021 12611 130 130
2:20 16077 15108 969 13559 140 140
2:30 17226 16308 918/ 14508 150 150
2:40 " 18374 17508 866 15456 160 160
2:50 19522 18708 814 16404 170 170
3:00 20671 19908 763 17353 180 180
3:10 21819 21108 711 18301 190 190
3:20 22967 22308 659 19249 200 200
3:30 24116 23508 608 20198 210 210
3:40 25264 24708 556 21146 220 220
3:50 26412| 25908 504 22094 230 230
4:00 27561 27108 453 23043 240 240

Max Q: 8.7 |Miles

Total Delay: 4850|Veh-Hours

Accident Duration: 240|minutes

6/26/97
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Vanasse Hangen Brustlin, Inc.

Incident Management Calculations
(5 Minutes)






I-95 {

Tolal Accldent Duration: 0:25|Minutes

Detection/Response Time: 010

Clearance Time: 018

Growth Fac: 1% Annual

Years 9

Peak Flow 7900 1990

Peak Flow 8640 1999

Capacity 2400 ‘

Block Cap. Shoulder: 2016

Block Cap. 1-lane: 1272

Block Type: shoulder Shoulder or 1 lane

Blocked Capacity 1344  |Per increment

Frefio Capacity 1600  |Per Increment

Increment Demang -~ 1440

Increment Time: 10 Minutes

1-99
Elapsed : Increment Duration
Time Pemand | Capacity -] Delay (Elapsed Minutes)
0:10 1440 1344 96 12167 10 10
0:20 2880 2688 192 2432! 20 20
0:30 4320 4288 32 3605 30 30
0:40 5760 5888 0 0 40 0
0:50 7200 7488 0 0l 50 0
1:00 8640 9088| 0 o} 60 0
1:10 10080 10688 0 0; 70 0
- 1:20 11520 12288 0 O 80 0

1:30 12960 13888| 0 0 %0 0
1:40 14400/ 116488 0 0 100 0
1:50 15840 17088 0 0 110 0
2:00 17280 18688 0 0! 120 0
2:10 18720 20288 0 0, 130 0
2:20 20160 21888 0 0, 140 0
2:30 21600 23488 0 0! 150 0
2:40 23040 25088 0 0 160 6]
2:50 24480 26688 0 0 170 0
3:.00 256020 28288 0 0! 180 0
310 27360 29888 0 o} 190 0
3:20 28800 - 31488 0 0 200 0
3:.30 30240 33088 0 0 210 0
3:40 31680 34688 0 o] 220 0
3:50 33120 36288 0 0; 230 0
4:00 34560 37888 0 (0} 240 0

Max Q: 1.1|Miles -

Total Delay: 121|Veh-Hours

Accident Duration: 30|minutes

6/26/97°
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1-195 ] :
Total Accident Duration: 0:25(Minutes
Detection/Response Time: 0:10
Clearance Time: 0:15
1Growth Fac: 1% |Annual
YeaQrs 9
Peak Flow 6300 1990
Peak Flow 6890 1999
Capacity 2400
Biock Cap. Shoulder; 2016
Block Cap. 1-lane: 1272
Block Type: Shoulder Shoulder or 1 lane
Blocked Capacity 1008 |Per Increment
Freflo Capacity 1200 |Per Increment
increment Demang 1148
Increment Time: 10 Minutes
1-195 .
Elapsed Increment Duration
Time Demand | Capacity | @ Delgy (Elapsed Minutes)
0:10 1148 1008 140 980 0 10
0:20 2297 2016 - 281 1961 20 20
0:30 3445 3216 229 2909 30 30
0:40 4593 4416 177 3857 40 40
0:50 5742 5616 126 4806 50 50
1:.00 6890 6816 74 5754 60 60
1:10 8039 8016 23 6703 70 70
1:20 9187 9216 0 0 80 0|
.1:30 10335 10416 0 0 0 0
1:.40 11484 11616 0 0 100 0Of
1:50 12632 12816 0 0 11 0
2:00 13780 14016 0 0 120 0
2:10 14929 . 15216 0 0 ~ 130 0
2:20 16077 16416 0 0 140 0
2:30 17226 17616 0 0 150 0
2:40 18374 18816 0 0 160 0
2:50 19522 20016 0 0 170 0
3:.00 20671 21216 0 0 180 0
3:10 21819 22416 0 0 190 0
3.20 22967 23616 0 0 200 0
3:30 24116 24816 0 0 210 0
3:40 25264 26016 0 0 220 0
3:50 26412 27216 0 0 230 0
4:.00 27561 28416 0 0 240 0
Max &: 1.6{Miles
Total Delay: 450{Veh-Hours
Accident Duration: 70]minutes iR
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1-9% i

Total Accident Duration: 0:25 Minutes

Detection/Response Time: 0:10

Clearance Time: AL

Growth Fac: 1% | Annual

Years 9

Peak Flow 7900 1990

Peak Flow 8640 1999

Capaclty 2400

Block Cap. Shoulder: 2016

Block Cap. 1-lane: 1272

Block Type: 1 shoulder or 1 lane

Blocked Capacity 848 Per Increment

Freflo Capacity 1600 |Per Increment

increment Demand 1440

Increment Time: 10 Minutes

!;25 .
Elapsed Increment Duration
Time Remand | Capacity () Delay {Eiapsed Minutes)
0:10 1440 848 592 1299 10 10
0:20 2880 1696 1184 2597 20 20
0:30 4320 3296 1024 3771 30 30
0:40 . 5760 4896 864 4944 40 40
0:50 7200 6496 704 6117 50 50
1:00 8640 8096 544 7291 &0 60
1:10 10080 9696 384 8464 70 70
1:20 11520 .. 11296 224 . 9637 80 80
1:30 12960 ' 12896 64 10811 90 90
1:40 14400 14496 0 0 100 0
. 1:50 . 15840 16096 0 0 110 0

2.00 17280 17696 0 0 120 0
2:10 18720 19296 0 0 130 0
2:20 20160 20896 0 0 140 0
2:30 21600 22496 0 0 150 0
2:40 23040 24096 0 0 160 0
2:50 24480 25696 0 0 170 0
3:00 25920 27296 0 0 180 0
3:10 27360 28896 0 0 190 0
3:20 28800 30496 0 0 200 0
3:30 30240 32096 0 0 210 0
3:40 31680 33696 0 0 220 0
3:50 33120 35296 0 0 230 0
4.00 34560 36896 0 0] 240 0

Max Q: 6.7 |Miles

Total Delay: 916|Veh-Hours

Accident Duration: Q0 !minutes

Its.xls
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1-196 |
Total Accident Duration: 0:25|Minutes
Detection/Response Time: 0:10
Clearance Time: . 0:16
Growth Fac: . 1% |Annual
Years 9
Peak Flow 6300 1990
Peak Flow 6890 1999
Capacity 2400
Block Cap. Shoulder: 2016
Block Cap. 1-lane; 1272
Block Type: 1 Shoulderor 1 lane
Blocked Capacity 636 Per Increment
Freflo Capacity 1200 Per increment -
Increment Demang 1148
Increment Time: 10 Minutes
1-195
Elapsed increment | Duration
Tlime Demand | Capacity ] Delay (Elapsed Minutes)
\ .
0:10 1148 636 512 1042 10 10
0:20 2297 1272 1025 2085 20 20
0:30 3445 2472 973 3033 30 - 30
0:40 4593 3672 921 3981 40 40
0:50 5742 4872 870 4930 50 50
1:00 6890 6072 818 5878 60 60
1:10 8039 7272 767 6827 70 70
1:20 | 9187 8472 715 7775 80 80
. 1:30 10335 9672\ 663 . 8723 90 - 90
.1:40 ‘ 11484 10872 612 9672 100 100
. 1:50 . 12632 12072 560 . 10620 119 110
2:00 13780 13272 508 11568 1120 120
2:10 14929 14472 457 12517 7130 130
2:20 16077 15672 405 13465 140 140
2:30 17226 16872 354 14414 150 150
2:40 18374 18072 302 15362 - 160 160
2:50 19522 19272 250 16310 170 170
3:00 20671 20472 199 17259 180 180
3:10 21819 21672 147 18207 190 190
3:20 22967 22872 95 19155 200 200
3:30 24116 24072 44 20104 210 210
3:40 25264 25272 0 0 220 . 0
3:50 26412 26472 0 o]} 230 0
4:00 27561 27672 0 0 240 0
Max Q: 5.8|Miles
Total Delay: 3715|Veh-Hours
Accident Duration: 210|minutes
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Vanasse Hangen Brustlin, Inc.

Incident Management Calculations
(10 Minutes)






1-98 T

[eljel{e]lis]lisl{=]is]l[s][=][=]]a]{s][a][e][s][a][s][e]]e][e][s][a][a] =]

Total Accldent Durahion. 0:19|Minutes
Detection/Response Time: 0:04
Clearaonce Time: 0:15|
Growth Fac: 1% {Annuadl
Years 9
Peak Flow 7900 1990
Peak Fiow 8640 1999
Capacity 2400
Block Cap. Shoulder: 2016
Block Cap. 1-lane: 1272
Block Type: shouider Shoulder or 1 lane
Blocked Capacity 1344 |Per Increment
Frefio Capacity 1600 |Per Increment
increment Demang 1440
Increment Time: 10 Minutes
|
1-95 ‘
Elapsed Increment Duration
Iime Demand | Capacity ] _ Delay (Elopsed Minutes)
0:10 1440 1344 96 1216 10 1
0:20 2880 2944 0 0 20
0:30 4320 4544 0 0] 30
0:40 5760 6144 0 0 40
0:50 7200 7744 0 0 50
1:00 8640 9344 0 0 60!
1110 10080 10944 0 0 70]
1:20 11520 12544 0 0 80|
1:30 12960 14144 0 0 90;
1:40 14400 15744 0 0 100!
1:50 16840 17344 0 0 110
2:00 17280 18944 0 0 120
2:10 18720 20544 0 0 130
2:20 20160 22144 0 0 140
2:30 21600 23744 0 0 150
2:40 23040 25344 0 0 160
2:50 24480 26944 0 0 170
3:.00 25920 28544 0 0 180,
3:10 27360 30144 0 0 190!
3:20 28800 31744 0 0 200
3:30 30240 33344 0 0 210,
3:40 31680 34944 0 0 220,
3:50 33120 36544 0 0 230!
4:00 34560 38144 0 0 240°
Max Q: 0.5|Miles
Total Delay: 20|Veh-Hours
Accident Duration: 10|minutes
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I-195 [
Total Accident Duration: 0:25/Minutes
Detection/Response Time: 0:10
Clearance Time: 018
Growth Fac: 1% | Annual
Years 9 ‘
Peak Flow 46300 1990
Peak Flow 6890 1999
Capacity . 2400
Block Cap. Shoulder: 2016
Block Cap. 1-lane: 1272
Block Type: . Shoulder ‘ Shoulder or 1 lane
Blocked Capacity 1008 |Per Increment
Frefio Capacity 1200  |Per Increment
Increment Demang 1148
Increment Time: 10 Minutes
1-195
Elapsed Increment Duration
Tlime Pemand |  Capgcity Q Delay (Elgpsed Minutes)
0:10 1148 1008 140 980 10 10
0:20 - 2297 2016 281 1961 20 20
0:30 - 3445 3216 229 2009 - 30 30
0:40 4593 4416 177 3857 ‘ 40 40
0:50 5742 5616 126 - 4806 50 50
1:00 6890 6814 74 5754 ‘ 60 60
1:10 8039 8016 23 6703 70 70
. 120 9187 9216 0 0 80 0]
~1:30 10335 10416 0 0 90 0
1:40 11484 11616 0 0 100 0
1:50 12632 12816 0 0 110 0
2:.00 13780 14016 0 0 120 0
2:10 14929 15216 0 0 130 0
2:20 ‘ 16077 16416 0 0 140 0
2:30 17226 17616 0 0 150 -0
2:40 18374 18816 0 0 160 0
2:50 19522 20016 0 0 170 0
3:00 20671 21216 0 0 180 0
3:10 21819 22416 0 0 190 0
3:20 22967 23616 0 0 200 0
3:30° ‘ 24116 24816] 0 0 210 0
3:40 25264 26016 0 0 220 0
3:50 26412 27216 0 0 230 0
4:00 27561 28416 0 0 240 0
Max Q: 1.6|Miles
Total Delay: 450|Veh-Hours
Accident Duration: 70| minutes
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“{1-95 [

Yoial Accident Duration: 0:19|Minutes

Detection/Response Time: 0:04

Clearance Time: 0:15

Growth Fac: 1% |Annual

Years 9

Peak Flow 7900 1990

Peak Flow 8640 1999

Capacity 2400

Block Cap. Shoulder: 2016

Block Cap. 1-lane: 1272

~ |Block Type: 1 Ider or 1

Blocked Capacity 848  |Perincrement

Freflo Capacity 1600 |Per increment

increment Demand 1440

Increment Time: 10 Minutes

1-99
Elapsed increment Duration
lime Demand | Capaclty Q Delay (Elapsed Minutes)
0:10 1440 848 592 1299 10 10
0:20 2880 2448 432 2472 20 20
0:30 4320 4048 272 3645 30 30
0:40 5760 5648 112 4819 b 40 40
0:50 7200 7248 0 0 50 0
1.00 8640 8848 0 0 60 0
1:10 10080 10448 0 0 70 0
1:20 11520 12048 0 0 80 0
1:30 12960 13648 0 0 Q0 0
1:40 14400 15248 0 0 100 0
1:50 15840 16848 0 0 110 0
2:.00 17280 18448 0 0 L 120 0
2:10 18720 20048 0 0 l 130 0
2:20 20160 21648 0 0! ’ 140 0
2:30 21600 23248 0 0 150 0
2:40 23040 24848 0 0/ ; 160 0
2:50 24480 26448 0 0! ! 170 0
3:00 25920 28048 0 ol | 180 0
- 310 27360 29648 0 0 | 190 0

3:20 28800 31248 0 0. ‘ 200 0
3:30 30240 32848 0 0 i 210 0
3:40 31680 34448 0 0! P 220 0
3:50 33120 36048 0 0. 230 0
4:00 34560 37648 0 q | 240 0

Max Q: 3.4|Miles

Total Delay: 204 |Veh-Hours h

Accident Duration:] ' 40| minutes

6/26/97
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I-195 |

Total Acclident Duration: 0:19(Minutes

Detection/Response Time: 0:04

Clearance Time: 0:15

Growth Fac: 1% | Annuail

Years 9

Peak Flow 6300 1990

Peak Flow 6890 1999

Capacity 2400

Block Cap. Shoulder: 2016

Block Cap. 14ane: 1272

Block Type: 1 Shoulder or 1 lgne

Blocked Capacity 636 Per Increment B

Freflo Capacity 1200 Per increment

increment Demang 1148

Increment Time: 10 Minutes

1195 1
Elapsed Increment Duration |

Time Demand | Capacity Q Relay (Elapsed Minutes)
0:10 1148 636 512 1042 10! 10
0:20 2297 1836 461 1991 20 20
0:30 3445 3036 409 2939 30 30
0:40 4593 4236 357 3887 40 40
0:50 5742 5436 306 4836 50 50
1:00 6890 6636 254 5784 60 60
1:10 8039 7836 203 6733 70 .70
1:20 9187 9036 151 7681 80 80|.
1:30 10335 10236 99 8629 90 90
1:40 11484 11436 48 9578 100 100
1:50 12632 12636 0 0 110 0
2:00 13780 13836 0 0 120 -0
2:10 14929 15036 0 0 130 0
2:20 16077 16236 0 0 140 0
2:30 17226 17436 0 0 150 0
2:40 18374 18636 0 0 160i 0
2:50 19522 19836 0 0 1700 0
3:00 20671 21036 0 0 180 -0
3:10 21819 22236 0 0 190 0
3:20 22967 23436 0] 0 200 0
3:30 24116 24636 0 0 210 0]
3:40 25264 25836 0 0 220 0
3:50 26412 27036 0 0 230 0
4:00 27561 28236 0 0 240 0

Max Q: 2.9|Miles

Total Delay: 885|Veh-Hours

Accident Duration: 100{minutes
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