Exhibit 34. Benefit Cost Analysisfor Existing IMAP Sitesby NCDOT Division

Division Costs (C) B / C Ratio Net Worth
Benefits (B) (B-C)
5 $4,528,800 $436,900 10.4 $4,091,900
7 $3,454,300 $436,700 7.9 $3,017,600
9 $701,100 $610,600 1.1 $90,500
10 $12,382,000 $1,762,700 7.0 $10,619,300
12 $888,400 $379,000 2.3 $509,400
14 *x $285,700 *x ($285,700)
Statewide $21,955,000 $3,911,600 5.6 $18,043,400

** Denotes negligible values
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Exhibit 35. Planning and Benefit Cost Analysis Resultsfor Raleigh and Asheville

Crashes per 100 Million Vehicle Miles Density

'y hooof P = -

I 26 and 1-40 Asheuville

4-lane facility
* 15 miles in length
* 64000 ADT
e 303 crashes per year
* 4 FSP vehicles (estimated)
e 65" percentile ranking statewide

e B/C = 3.5 (Net worth $464K)

I44O Raleigﬁ_

6-lane facility

12 miles in length

82000 ADT

712 crashes per year

3 FSP vehicles (estimated)

85" percentile ranking statewide

B/C = 4.3 (Net worth= $461K)
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Exhibit 36. Proposed Incident Data Collection Form.

IMAP Incident Event Collection Form :,'L__ J
Collected by Response Time Truclk Involved?
(ome in mizomes from [circle ome)
Cace: alert o arrivall Yac
Time: Time: Mo
e Incident Durafion Congestion Level
DOT District imme in mizotes from [circle ame)
srrival nedl chearamce] Mone
Dumation: Slow Down
Location o Stop and Go
Higkway: Besponze Vehicles
Milepost: = of Velicles Weather
Direction: responding: (circle ome)
EMS Pr ? e
. . esent! Cloudy
Injuries {circle ome) F..E:i:‘l.-
= of Faralities: Ve P
# of Injuries Mo e
= Dretection Method
Shoulder Present? Police Present? (circle one)
(carcle cme) {circle ame) AP PEI.‘I:I';:IL
Yes Te: Police
No No Motorist Call
. Dretectors
Shoulder Blockage? T f Incident
ulder & vpe of Inciden !

{=mly the shouzlder 1z
bbacked)
Wies

Mo

(tircle ome]
Crash
MNon-Crash

MNomber of Lanes
Total = for read, one
direction

Lape Blockame
Mumber of Lanes
blocked

Fosted Speed Limit

Drescription of Incident
{circle all thar spply}

Ot of Fusl
Flar Tire
Dieloris
Drizabiled
Abandonead

Coe Vehicle Crashk
Two Vehicle Crash
hbti-Vebicke Crash
Workzone

Crber
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APPENDIX-TRB 2004 PRESENTATION

A Method for Prié_fitizing and
Expanding Freeway Service Patrols

Nagui M. Rouphalil, ITRE, NC State University
Asad Khattak, CTP, UNC-Chapel Hill
Kai Monast, CTP, UNC-Chapel Hill
Jason Havel, NC State University

O lT!! n Carolina Transporiation Program



Outline of Presentation

Project goals and objectives
Literature review

Methodology

Data description and analysis
Application tool

Conclusions and recommendations

0 lTR! n Carolina Transporiation Program



Project Goal and Objectives

» Develop data-driven criteria for FSP
expansion in NC

* Review FSP studies in other areas,
synthesize findings, explore implications for
North Carolina

» Develop a decision-support tool to
evaluate/rank current and future FSP
projects

0 lTR! n Carolina Transporiation Program
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Review

* Nationwide B/C ratios range from 2:1 - 361

* |ncident management can restore normal
capacity— 20%+ incident duration reduction

» Puget Sound region FSP experienced 50%
decrease Iin response times

» Maryland's CHART saved $30.5 MM in delay and
gasoline

» Most studies focus on evaluating existing
programs, not identifying high-impact locations

0 lTR! n Carolina Transporiation Program
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Exhibit 16. Sample Rural Facility Delay Rate Modelsfor Indicated Available % Capacities

35

30

= N N
[¢)] o ul

Delay / VMT (sec/VMT)

iy
o

15-min Incident Results for 4 Lane Rural Freeway

1.4213x

y = 0.8273e
R = 0.9964

-

y = 0.2241e>347 /
R?=0.8973
L

/ = 81% Capacity/
— 35% Capacity

0.5 1 1.5 2 2.5
Incident Demand / Capacity Ratio



Exhibit 17. FREEVAL Derived Models

Number of

Scenario ?;Sg anes_per InDclféitrI](t)rErr?ifn) Incident Severity Model Results
Direction

1 Urban 2 15 Shoulder 1.0057 e M9
2 Urban 2 15 1 Lane Blocked 1.4094 ¢ 1218
3 Urban 2 30 Shoulder 0.6229 e *%"™
4 Urban 2 30 1 Lane Blocked 2.6655 e 1%
5 Urban 2 45 Shoulder 0.3926 e %%
6 Urban 2 45 1 Lane Blocked 15.354 x 24
7 Urban 2 60 Shoulder 0.2675 e >"*>
8 Urban 2 60 1 Lane Blocked 24.248 x >777°
9 Urban 3 15 Shoulder 0.5044 e **1
10 Urban 3 15 1 Lane Blocked 0.3437 e #7%%
11 Urban 3 15 2 Lanes Blocked 3.209 e %48
12 Urban 3 30 Shoulder 0.3269 e 30136«
13 Urban 3 30 1 Lane Blocked 5.1729 x 391%
14 Urban 3 30 2 Lanes Blocked 12.287 e %42
15 Urban 3 45 Shoulder 0.2021 e 3681
16 Urban 3 45 1 Lane Blocked 7.835 x +39%
17 Urban 3 45 2 Lanes Blocked 20.948 e %49%
18 Urban 3 60 Shoulder 0.1345 e 4242
19 Urban 3 60 1 Lane Blocked 10.917 x *&81°
20 Urban 3 60 2 Lanes Blocked 19.925 x *4%
21 Urban 4 15 Shoulder 0.2474 ¢ 3017
22 Urban 4 15 1 Lane Blocked 0.0891 e %%
23 Urban 4 15 2 Lanes Blocked 1.6222 ¢ 2847
24 Urban 4 30 Shoulder 0.1778 e 3484
25 Urban 4 30 1 Lane Blocked 3.9857 x >4
26 Urban 4 30 2 Lanes Blocked 7.2621 e %7
27 Urban 4 45 Shoulder 0.1199 @ 40404
28 Urban 4 45 1 Lane Blocked 5.257 x *%%
29 Urban 4 45 2 Lanes Blocked 12.547 e %73
30 Urban 4 60 Shoulder 0.0813 e *¥
31 Urban 4 60 1 Lane Blocked 6.643 x 15!
32 Urban 4 60 2 Lanes Blocked 19.537 x *%%
33 Urban 5 15 Shoulder 0.2643 e 29606x
34 Urban 5 15 1 Lane Blocked 0.0731 e *7%%
35 Urban 5 15 2 Lanes Blocked 0.4731 e %
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Exhibit 17. FREEVAL Derived Modéls (continued)

Area Number of Duration of ; i
Scenarioc  Type Iba_nes_per incident (min) Incident Severity Model Form
irection

36 Urban 5 30 Shoulder 0.2166 e 32508«

37 Urban 5 30 1 Lane Blocked 0.023 e >#*
38 Urban 5 30 2 Lanes Blocked 6.1435 x 27
39 Urban 5 45 Shoulder 0.1685 e 36167
40 Urban 5 45 1 Lane Blocked 0.0098 e >3
41 Urban 5 45 2 Lanes Blocked 11.765 x >%7
42 Urban 5 60 Shoulder 0.1282 e 40148«
43 Urban 5 60 1 Lane Blocked 0.0048 e "2
44 Urban 5 60 2 Lanes Blocked 18.61 x >*%

45 Rural 2 15 Shoulder 0.2241 e 33497
46 Rural 2 15 1 Lane Blocked 0.8273 ¢ M
47 Rural 2 30 Shoulder 0.1338 e 40456«
48 Rural 2 30 1 Lane Blocked 7.6142 x *%°

49 Rural 2 45 Shoulder 0.0874 e *%%%
50 Rural 2 45 1 Lane Blocked 14.421 x *%2%
51 Rural 2 60 Shoulder 0.0615 e >%"™
52 Rural 2 60 1 Lane Blocked 23.904 x *77%
53 Rural 3 15 Shoulder 0.0977 e “%
54 Rural 3 15 1 Lane Blocked 0.1484 e 27"
55 Rural 3 15 2 Lanes Blocked 2.5949 e O
56 Rural 3 30 Shoulder 0.0656 e “%%*
57 Rural 3 30 1 Lane Blocked 4.324 x *#%

58 Rural 3 30 2 Lanes Blocked 13.167 e ***
59 Rural 3 45 Shoulder 0.041 e 22807
60 Rural 3 45 1 Lane Blocked 6.9167 x >V
61 Rural 3 45 2 Lanes Blocked 19.767 e **%*
62 Rural 3 60 Shoulder 0.0285 e "%
63 Rural 3 60 1 Lane Blocked 10.036 x >
64 Rural 3 60 2 Lanes Blocked 20.683 x %%
65 Rural 4 15 Shoulder 0.0414 e *%%%
66 Rural 4 15 1 Lane Blocked 0.0233 e %%
67 Rural 4 15 2 Lanes Blocked 1.2976 e *9%¥
68 Rural 4 30 Shoulder 0.031 e 2307
69 Rural 4 30 1 Lane Blocked 2.8649 x °4*
70 Rural 4 30 2 Lanes Blocked 7.6089 e *°"°
71 Rural 4 45 Shoulder 0.0212 e >¥°%
72 Rural 4 45 1 Lane Blocked 3.9051 x "7
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Exhibit 17. FREEVAL Derived M odels (continued)

Number of Lanes

Duration of

Scenario  Area of L _ _ Incident Severity Model Form
Type per Direction Incident (min)
73 Rural 4 45 2 Lanes Blocked 13.749 e O™
74 Rural 4 60 Shoulder 0.0146 e **'*
75 Rural 4 60 1 Lane Blocked 4.9955 x *O%
76 Rural 4 60 2 Lanes Blocked 24.686 x 2%
77 Rural 5 15 Shoulder 0.0443 e *%%>
78 Rural 5 15 1 Lane Blocked 0.0148 e **7*
79 Rural 5 15 2 Lanes Blocked 0.2984 e 2%%%
80 Rural 5 30 Shoulder 0.0374 e >
81 Rural 5 30 1 Lane Blocked 0.0049 e **%
82 Rural 5 30 2 Lanes Blocked 5.8554 x 2
83 Rural 5 45 Shoulder 0.0301 e >*%*
84 Rural 5 45 1 Lane Blocked 4.6166 x "%
85 Rural 5 45 2 Lanes Blocked 11.964 x >
86 Rural 5 60 Shoulder 0.0234 e >®1¥
87 Rural 5 60 1 Lane Blocked 5.7617 x °°%°
88 Rural 5 60 2 Lanes Blocked 19.208 x >

63



Exhibit 18. Fleet Size Estimation: Regression M odel

Number of Vehicles vs AADT and Centerline
Length of Coverage by NCDOT Division

25

20

(%]
Q
$ 15
> y= 4.394e 00152
° R% = 0.8087
2 10
£
>
zZ

5 |

°
0 . . . v v v . v v
0 10 20 30 40 50 60 70 80 90 100

AADT*Length/100,000



Exhibit 19. Annual Reported IMAP Expendituresby NCDOT Division

65

Division Driver Salary Supervisor Vehicle Cost w/o Fuel Equipment Miscellaneous
(# of Drivers) Salaries (# of Vehicles) Costs Costs Total Costs

> $210,700 (7) $73,900 $140,100 (7) $7,400 $4,800 $436,900
$240,800 (8) $15,700 $156,000 (5) $8,600 $15,600 $436,700

$235,300 (8) $60,500 $299,500 (9) $11,300 $4,000 $610,600

10 $788,000 (21) $149,900 $816,700 (10) $4,800 $3,300 $1,762,700

12 $173,600 (6) $37,200 $149,800 (4) $7,600 $10,800 $379,000

14 $131,300 (4) $52,400 $78,000 (2) $16,900 $7,100 $285,700
Total $1,779,700 (52) $389,600 $1,640,100 (37) $56,600 $45,600 $3,911,600

Notes: (1) Cost data given as provided by NCDOT.
(2) Driver salary figures do not include any overhead factor.
(3) Number of supervisors may vary by division and may include part time supervisors.



Exhibit 20. Annual IMAP I mplementation Cost/ Route Mile by NCDOT Division

Length of Route Total Annual Cost Total Annual Cost

Division (Centerline Miles) per Route Mile

5 43 $436,900 $10,200

81 $436,700 $5,400

9 75 $610,600 $8,100

10 108 $1,762,700 $16,300

12 57 $379,000 $6,600

14 20 $285,700 $14,300
Average Cost $10,200

Note: Cost data as provided by NCDOT.
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Exhibit 21. Annual Cost per Operating Hour per Week by NCDOT Division

Total Hours Total Annual Cost Total Annual Cost per

Division Patrolled Weekly Operating Hour per Week

5 70 $436,900 $6,200
7 85 $436,700 $5,100
9 80 $610,600 $7,600
10 96 $1,762,700 $18,400
12 80 $379,000 $4,700
14 168 $285,700 $1,700

Average Cost $7,300

Note: (1) Cost data as provided by NCDOT.
(2) Number of weeks patrolled per year may vary by location.
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Exhibit 22. IMAP Hourly Costsby NCDOT Division

Division Total Annual Total Hours Total Trucks Hourly Cost
Cost Patrolled per Truck per
Annually Hour
5 $436,900 3600 7 $17.30
7 $436,700 3840 8 $14.20
9 $610,600 3600 8 $21.20
10 $1,762,700 4608 21 $18.20
12 $379,000 4608 6 $13.70
14 $285,700 8640 4 $8.30
ey siss
Weighted $16.70

Average Cost?®

a Averages are weighted by multiplying the hourly costs times the total
trucks for each division, summing the values for all divisions, and
dividing by the total number of vehicles

Note: (1) Cost data provided by NCDOT.
(2) Number of weeks patrolled per year may vary by location.
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Exhibit 23. Single-Incident Decision Flowchart

Tmtial Inputs (Data Entry Screen):
Humber of Lanes per Direction

(1) Capacity = # lanes * 2400 |4 Area Type

Area Type Mew Inputs (Single Incident Screend:
ALTT E— Time Penod
Facility Length Sewerity
Directional Split Duration
Walue of Time per Hour Eeduction with FSP
Peal: Hour Factor (PHE)
Trban: Fural:

| g (1Capacity =# lanes * 2400

*(1/1+ 005 *PHF
(A ADT % = Percentage of
AADT for (Tmme Penod)
from urban profile

v

*(1/1+0.1) *TPHF

(L ATT % = Percentage of
AATYT for (Time Penod)
Hrom rural profile

v

Wolume = (AATT %) * AADT * (Directional Distribution £ 1007

v

Wormal DemandiCapacity = Wolume § Capactty

v

Tncident Demand/Capacity = Volume / [ Capacity * Eeduction Factor 4]

Duration iz not a Delay Models
multiple of 15 min.

’ 30, 45 or 60 roin.

v

Duration is 15,

v

(13 (Duration) ghove = Duration rounded up to the nearest 15 mn.
(2 (Duration)Belme = Duration rounded down to the nearest 15 mumn.
(ZFind VHDVV T from models for (Duration)apeee and

(Durattion)Below vsing Mumber of Lanes, Seventy, Area Type and

Find VHD/ VT using:
HMumber of Lanes
Duration
Incident Demand/Capactty
Area Type
Severtty

Incident Demand/Capacity

Total VHDVWIT =

CVHDO BT pelowt {[(Duration — (Duration)gelew) / 15] * [(VHDWVEIT ) apcve - (VD VI T B elcw |}

v

—

Eepeat process for duration wath FSP reducton:
(Duration)Redured = Duration * [1 — (Beduction with FSP 7 1007]

——

Eesults: Incident Delay without FSP
Incident Delay with FSF

Delay Savings = Incident Delay without FSP - Incident Delay wath FSP

a from Highway Capacity Mataal 2000

b VHD stands for Vehicle Hours of Delay and VIWT stands for Vehicle Ililes Traveled
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Exhibit 24 Decision Support Tool Introductory Screen

& Applet Viewern: imapProjectfInitialScreen |Z||E||g|
Applet

North Carolina Department of Transportation

Continue

Applet started.




Exhibit 25. Decision-Support Tool Primary Data Entry Screen

£ NCDOT IMAP Data Entry Menu
File

Facility Name |-440 in Raleigh |

County |Wake Area Type: |Urban ™

Facility Length: |1 0.44 | miles Number of Lanes Per Direction: |3 ™

AADT: |82I33E! | Directional Distribution: | 60/40 ~
Annual Total Crashes: |.'r‘12 | PHF: |0.90 * | \alue of Time: |:$1I]Jhr "| | Help |

Planning Level Assessment || Single Incident Assessment || Operational Benefits Assessment ||

I|Java Applet wWindow
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Exhibit 26. Planning L evel Assessment Screen

{2 Planning Level Assessment E“EJE|
File
I-440 IN RALEIGH, WAKE COUNTY
Owverall Statewide Ranking

Compatizon Criterion | Facility Average | Statewide Average | Statewvide Ranking I]
Crashes per 100 Mvehicle miles  [227.75 |116.41 185
Crashes per mile per year [5.19 |22.47 |90
AADT perlane [16400 |3308 a5

Hon-IMAP Statewide Ranking

Compartison Criterion | Facility Averadge | Statewide Average | Statewide Ranking I]
Crashes per 100 Mvehicle miles  |227.74 106.97 |90
Crashes per mile peryear |68.149 13.46 |95
AADT perlane 16400 7805 |95

IMAP Statewide Ranking

Compatison Criterion | Facility Average Statewide Average | Statewide Ranking
Crashes per 100 M vehicle miles 1227.75 85

85 per mile per year |68.19 85
SADT perlane [16400 70

| Help. | | Continue

I|Java Applet Window
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Exhibit 27. Single-Incident I nput Assessment Screen

{& single Incident Assessment E“E@

Please select the time period for the incident: | fam-9am ¥ |

Please select the severity of the incident: | 1 Lane Blocked b |

Please enter the duration of the incident: (45 minutes

Continue |I

Java spplet Window
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Exhibit 28. Single Incident Analysis Results Screen

& Single Incident Results

Facility Input Data Incident Data
Facility: 1-440 IN RALEIGH Time of Incident: 7 am -9 am
WAKE County Severity: 1 Lane Blocked
Length: 10.44 miles Duration: 45 minutes
Area Type: Urban IMAP Reduction: 30%
Humber of Lanes per Direction: 3 Value of Time: $10 hr
AADT: 82038 PHF: 0.9 Peak Hour Yolume: 3337 vph
Results for Single Incident
Measure | Units | without MAP | With IMAP | Benefits
Facility Delay  weh hrs 21 138 |72
Delayt/MT  [sechMT 114 9 15
Delayf/ehicle  |sec 1182 99 132
Celay Costhr |dollarsthr [52110 1380 5720
Java spplet Window
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Exhibit 29. Cost Estimation Input Screen

& Cost Estimation Screen

IMAP Yehicle Operating Cost ! hri{dollars): |1 6.70 | Range: 10 - 100

Hours of Operation: |1 2

| Range: 4 - 24

Annual Days of Operation: |3EIEI

| Range: 90 - 365

Continue

I]Java Applet Window

75



Exhibit 30. Fleet Size Estimation Screen

Number of ¥Yehicles Estimation

Java dpplet Window

The estimated number of IMAP vehicles needed for this site is 4. Is this acceptahle?

Yes

1]
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Exhibit 31. Operational Analysis Results Screen

& Operational Benefits Resulis
File

Facility Input Data:
Facility: 1-440 IN RALEIGH, WAKE County Length: 10.44 miles Area Type: Urban Humhber of Lanes per Direction: 3
AADT: 82038 PHF: 0.9

Annual Delays(\Wehicle Hours)

Incident Gategory | With IMAR(Feak) | Mo IMAP(Peak) |Wwith IMAR(ORPe..| Mo IMAP(OT-Peak)|  Savings(Peak) | Savinas(ofFeak)] Total I
Shoulder 54452 1544 | 54188 0 o |
ne Closures |2 11004 3024 |
18733 27405 48275
28737 30514 50639

Eenefit/Cost Summany:
Humber of Vehicles: 3  Operating Cost per Hour: $16.7  Hours of Operation: 12 Annual Days of Operation: 300  Value of Time: $10 per hour

Comparison Criterion
Excluding Two Lane Closures

Including Twa Lane Clasures

Annual Benefits Annual Costs BenefitiCost [l

Java Applet Window
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Exhibit 32. Planning Analysis Results for Existing IMAP Sites- All Sites

Division Location Crashes per 100 Crashes per Mile AADT per Lane
Million Vehicle per Year (% rank (% rank for all
Miles (% rank for for all sites) sites)
all sites)
5 [-40 Triangle 70 80 90
5 [-85 Triangle 70 75 95
7 I-40 Greensboro 75 85 95
7 I-85 Greensboro 70 75 65
7 I-40 and 1-85 Greensboro 55 75 75
9 US 52 Winston-Salem 75 75 80
9 US 421 Winston-Salem 65 70 80
9 I-40 Winston-Salem 50 65 75
9 I-40 Bus. Winston-Salem 75 75 90
10 I-85 Charlotte 65 75 85
10 I-77 Charlotte 70 85 95
10 I-277 Charlotte 85 85 80
10 I-485 Charlotte *x *x *x
12 I-40 Statesville 55 60 80
12 I-77 Statesville 50 60 80
14 [-40 Haywood 45 35 15

** Denotes No Data
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Exhibit 33. Planning and Operational Analysis Data for Existing IMAP Sites

Division Location Operating Hours Length No. Lanes Crashes per
(Miles) AADT Year
5 [-40 Triangle 6 am to 8:30 pm M-F 28 89000 6 971
5 [-85 Triangle 6 am to 8:30 pm M-F 16 70800 4 402
7 I-40 Greensboro 5amto 10 pm M-F 14 87000 4 534
7 [-85 Greensboro 5amto 10 pm M-F 5 58000 6 103
7 [-40 and 1-85 Greensboro 5am to 10 pm M-F 39 87000 8 880
9 US 52 Winston-Salem 5:30 am to 9 pm M-F 18 47000 4 394
9 US 421 Winston-Salem 5:30 am to 9 pm M-F 3 49000 4 50
9 [-40 Winston-Salem 5:30 am to 9 pm M-F 23 65000 6 317
9 [-40 Business Winston-Salem 5:30 am to 9 pm M-F 10 56000 4 239
5:30 am to 9:30 pm M-F and 10 am
10 [-85 Charlotte to 6 pm Sat and Sun 55 80000 6 1361
5:30 am to 9:30 pm M-F and 10 am
10 [-77 Charlotte to 6 pm Sat and Sun 30 100000 6 1159
10 1-277 Charlotte 5:30 am to 9:30 pm M-F and 10 am 5 72000 6 250
to 6 pm Sat and Sun
5:30 am to 9:30 pm M-F and 10 am
10 [-485 Charlotte to 6 pm Sat and Sun ok o i *
12 [-40 Statesville 5:30 am to 9 pm M-F 33 48000 4 400
12 [-77 Statesville 5:30 am to 9 pm M-F 24 48000 4 272
14 I-40 Haywood County 24 hours a day, 7 days a week 20 24000 2 100

** Denotes No Data
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